Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



EXERCISES 



IN 



ANALYTICAL GEOMETRY, 



EXERCISES 



IN 



ANALYTICAL GEOMETRY 



BT 



J. M. DYER. M.A. 



BKinOB MATHEMATICAL MA8TBB IN THB OLASSIOAIt DEPABTMSHT OV 

CHELTENHAM OOLLEQE. 



WITH ILLUSTRATIONS. /<$^-^ "-'\ 

i. JUL '^81 • 
lonlion : 

MACMILLAN AND CO. 

1881 

[The Right of Tranilation i$ rturved.} 



PRINTED BY C. J. C^Y. M. A. 
AT THB UN1V1R8ITY PHBSB. 



PREFACE. 

These Exercises have been written with the object 
of imparting a sound knowledge of the principles of 
Modem Analytical Geometry to any boys in my more 
advanced class, who are preparing for Scholarnhips at 
the Universities or for the Indian Civil Examination, 
and it is hoped that the book will be useful to boys 
doing similar work in other schools. 

Candidates for Mathematical Honours at the Uni- 
versities, who have not devoted much attention to this 
important subject, would also be benefited by a course 
of the more difficult problems. 

I have to thank my friend Mr C. Leudesdorf, M.A., 
Fellow of Pembroke College, Oxford, for reading through 
the proof-sheets and for verifying results. 

My acknowledgements are also due to him and 
to other friends who have kindly furnished me with 
problems for insertion. 

J. M. DYER 

Grxltbkham Golleos, 
March 10, 1881. 
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IN 



ANALYTICAL GEOMETRY. 



I. Co-ordinates, &a 

[The axes are supposed rectangular unless the contrary 
is stated] 

1. Find the distance between the points (a, h), and 
(a + 33, 6 + 56). 

2. Find the distance from (- 3, 7) to (6, - 5) when 
the axes are at right angles ; and also when they are in- 
clined at an angle of 60^ 

3. The points (a + rcos^, 5 + rsin^), (a + rcos^, 
6 + rsin (f>) are equidistant from the point (a, b). 

(Is 5a\ 
a+'^a, -Q-j form 

an equilateral triangle, whose side is a. 

D. a. 1 
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5. Shew that the following sets of points will form 
right-angled triangles, and find the lengths of their 
hypothenuses : 

(i) (23, 31), (63, 31), (23, 40). 

(ii) (a, 6), (a+28V2, 5 + 28V2), (a + ^, 6-^). 

6. The points (0, 0); (acosl5^ a sin 15°); and 
{6 cos (75° + a), b sin (75° + a)} will form an isosceles 
triangle of perimeter a + 26, if 

cos (60 + a) =^. 

7. Shew that the points (3, 0), (0, 3 S), (6, 3 JS) 
form an equilateral triangle, and find its area. 

8. Determine in square inches the area of the triangle 
whose angles are at the points (7^ 2), (4, — 5), (— 3, 1), 
measured on the half-inch scale. 

9. The perimeter of the quadrilateral whose vertices, 
taken in order, are 

/a aj3 \ /-hjs l\ /-c -c>/3\ 
V2' 2 /' \ 2 ' 2/' \2"' 2 ;' 

/d^/3 _d\ 
\ 2 ' 2/' 

is ^/?+I" + ^/6MV + 7?+^ + ^/dM=^• 

10. Find the co-ordinates of the point of intersection 
of the lines joining each vertex of a triangle to the middle 
point of the opposite side; the co-ordinates of whose 
angular points are given. . 

11. Knd the co-ordinates of the middle point of the 
line joining the middle points of a pair of opposite sides of 
any quadrilateral ; the co-ordinates of whose angular points 
are given. 
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Hence shew that the lines joining the middle points 
of pairs of opposite sides of a quadrilateral bisect one 
another. 

12. The point in (11) coincides with the middle point 
oi the line joining the niiddle points of the diagonals of 
the quadrilateral. 

13. OBG is a right-angled triangle, being the 
origin, B the right angle, 05 = 56, 5(7=33, and OC 
makes an angle of 30° with the axis of x; find the co- 
ordinates of B and C. 

14. Shew that the distance between the points whose 
polar co-ordinates are 

(l+cos5'V' U + cosf *)' 
is equal to 

a hec* ^ + sec'^ — cos (5 — ^)[ , 

provided that 

cos' (^ — 0) + 2 cos (^ — <^) ] sec* ^ sec* ^ — sec'^ — s^c'^^ 

-h2sec*2sec'| = 0. 

15. Find the radius of the circle circumscribing the 
triangle whose polar co-ordinates are (0, 0), {r^, d^), 

16. AB is a straight line, the pole; the bisector 
of the angle AOB meets AB in G. Shew that 



0C= ^ : . ^ ry - COS COB. 

OA + OB 



1—2 
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II. Transformation of Co-ordinates. 

1. Transform xy = and a;* — y* = to a new origin at 
(2, 3) and to axes making an angle of 30^ with the old. 

2. «? — y = 4 becomes! y + 2 JS = when referred to 
rectangular axes. Find the angle between the former 
axes/ and the angle between the old and new axes of x. 

3. Transform y* — itax = to the point {am\ 2am) a9 
origin and to new axes making an angle cot"* m with the 
old. 

4. Transform — j + ^ — 1 = to a point (0, t) as origin 

and from axes inclined at an angle a> to rectangular axes, 
the axis of x remaining the same in direction. 



III. The Straight Line. 

1. Find the equation of the straight line which joins 
the intersection of the lines y = 7x-\-S and 3y — 5a? = 2, 
to that of the straight lines 5y + 4iX = 12 and 6y + Sa? = 4. 

2. Find the equation of the straight line which passes 
through the point (3, —2) and is perpendicular to the 
line which passes through the points (— 5, 7) and (2, 5). 

3. Find the perpendicular distance of the intersection 
of the lines 2y - 4a? = 10 and 3y + 9a; = - 21 from the line 
y-3a? = 15. 
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4. Find the equation of the straight line which passes 
through the point (7, —5), and makes an angle of 45* 
with the line whose equation is 2y — 6a? =3. 

5. Find the length of the perpendicular drawn from 
the point (8, 4) to the line y = 2a? — 16. 

6. Find the angle included between the lines whose 
equations are 2x + 5 ^y, and 4y + 3a? = 0. 

7. Shew that the stralight line which passes through 
(^11 ^i)» (^s* ^i) intersects the straight line through 
(A?j, — Aj), (A:,, —A,) at right angles; and find their point 
of intersection, when h^ = 5, A?^ = 3, A, = - 4, A?, = 2. 

8. Find the equation to the line which passes through 
the intersection of the lines a? — 2y = a, a; + 3y = 2a, 
and is parallel to 3j; + 4y = 0. (See Note to IIL 1. 
Answers). 

9. In y = 6a?-7 (1), 

y=7a?-5 (2), 

y = -4a; + 2 (3), 

find the length of the portion of (3) intercepted between 
(l)and(2). 

10. Find the points at which the line 

7y-21a?+28 = 

cuts the co-ordinate axes, and the angle which it makes 
with the line which passes through the points (3, — 2) and 

(-*.7). 

11. Find the angle between the lines 

{m'^^mm!) y = (mm' -^-m^) a? + c, 
\mm' •{-m*^y^{mrn ^m*)X'\-c\ 



12. The straight lines 

9x+ 6y=27, 
4c-ily = 81, 
18a? - 23^ = 147, 
pass through the same point. 

13. The strs^ight lines 

(a — c) a? + ( J — c?) y — « = 0, 
{a-i-c)x+{b + d)y-e = 0, 

cx-^dy =0, 

pass through the point 

XV e 



= 2f = 



— rf c —ad+bc' 

14. If (k) be the angle between the axes, find the 
tangent of the angle betweeja the lines y = mx, y = mx. 

13r. By the last question shew that y + x=0 and 
y— x^O represent two lines at right angles, whatever be 
the inclination of tiie axes. 

16. On two straight lines intersecting at points 
P, P' ; Q, Of are taken two on each line. If OP be a ; 
OP', a' ; OQ, b ; 0Q\ V, shew that the equation of the line 
joining the intersections of PQ, P'Q' ; P'Q, PQ', is 

See III. 1, Note. 

17. Find in (16) the equations of the lines joining the 
intersections of PQ, P'Q[, and of P'Q, PQt to the origin. 
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18. is a fixed point ; OB and OC are two straight 
lines whose direction is given ; B and C points such that 
OB + 00 is constant and equal to I, Find the locus of M, 
a point dividing BG in the ratio m : n» 

19. If a straight line makes intercepts a and b on 
rectangular axes, and if a be its inclination to the axis 
of x, shew that any point (x, y) on the straight line 
satisfies the condition 

{x sin a — y cos a)* a* b* ' 

20. The angle between the axes being €t>, firom a 
^Yea point P (a, b) perpendiculars are drawn to the axes, 
PA to the axis of x meeting the axis oi y in B ; PB to 
the axis of y meeting the axis of a; in J.' ; find the lengths 
AA\ BB. 

21. In X cosa + y 8ina = «,if « = , shew that 

^ /-» x- cosa 

the perpendiculars on this straight line from the points 
(m*, 2m), (mm', m^-m'), (m'', 2m') farm a geometrical 
progression. 

22. If pj, jPj, j3j denote the perpendiculars from the 
point (A, A:) on the straight lines 

ow? + 6y-AA: = (1), 

(a-&)a? + (a + 6)y-AA?«0 (2), 

(a + 6)a?-(a-6)y-«?«0 <3), 

respectively, shew that 

(i) A+F.= N/2i>i» 

(ii) p^^^2p^,^^f^^. 
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23. The following equations represent straight lines ; 
find them, and the angles they include : 

(1) 6y' - xy^a?-\-ZOy + 36 = 0, 

(2) y*«4a?y + a^ + 9y-(18 + ^/3)a? + 20 = 0, 

(3) a6a;*+ (6* — a')a:y— a6^ — c (a 4- J) a? 

- c (6 - a) y + c' = 0. 

24. From a fixed point straight lines are drawn 
cutting the axes in P, Q; P, Q' \ find the locus of the 
intersection of PQ' and PQ, 

25. (a« + *• - 1) {x^ + 3^» - 1) = {ax + ly- If repre- 
sents two straight lines. Find them and their point of 
intersection. 

26. If (j?i, y^, (ar„ y^, {x^, y,) be the co-ordinates 
of the vertices of a triangle -4JSC7, shew that 

tan j^ ^ (y 8 " yt) K~^ i) " (y « - yd (^s -- ^i) - 

27. Find the equations of the lines bisecting the 
sides of the triangle in (26) at right angles. 

28. Find the co-ordinates of the centre of the circum-. 
scribing circle of the triangle in (26). 

29. Given three lines, if tan"* m^ be the angle between 
the first and second, tan'^m^, tan'^mg the angles between 
tl^e secoDd and third, and the third and first respectively, 
measured in the same direction, then 

30. Two limited straight lines OA and OB are at 
right angles to one another. From P, the point where OA 
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and OB subtend equal angles, perpendiculars p and q 
are drawn to OA, OB respectively; shew that 

Oit'.y* ^ p^ + {O A ~ g)' 
01?. q^ q*+{OB-p)'' 

31. OB, OC are fixed lengths, o, and J, cut ofif on 
axes inclined at any angle. In BG any point H {H, k) is 
taken. Any straight line through H cuts the axes in A 
and D respectively. Find the locus of intersection of the 
lines joining the middle points of pairs of opposite sides 
of the quadrilateral ABCD. 

32. Find the area contained by the lines 

(1) fl? cos a + y sin a = a, 

fl? cos a — y sin a = a, 

(^ + y) cos a — (a? — y) sin a = a. 

(2) acoaa + ysina^a, 

a? sin a — y cos a =: a, 

{x + y) cos a — (a? — y) sin a = a. 

33. Find the area contained by the lines 

a"*'6"" ' a"*26' a 36' 

34. If A, A' be the areas of triangles whose angular 
points are {(6, c) ; (c, a) ; (a, h)] and {(oc — 6", a6 — c*) ; 
(ba — c\ be — a*); (c6 — a*, ca — 6*)} respectively; shew 
that 

A' = A(a+6 + c)\ 
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35. The area of the triangle whose vertices axe (0, 0), 
(3 sin' 0, — 1), (4, 27 sin 6) is equal to twice the product of 
the areas of the triangles whose vertices are 

{(0, 0), (9 sin' e, 2), (3 sin 6-1, 1)}, 
{(0, 0), (9 sin' e, - 2), (3 sin ^ + 1, 1)}. 

36. If the vertices of a triangle whose area is Aj be 
{(0, 0), (a tan 6, b cot 0), (a sin 0, b cos 0)}, 

of A, 

{(o, b), (a sec? ^, b cosec' 0), (a-\-a sin' ^,6 + 6 cos* 0)} 



of A, 



{(0, 0), (a tan 0, -b cot 0), {a sin 0, b cos 0)], 



then AjA, = -^ A,. 

37. PQ cuts oflf intercepts a and J from axes inter- 
secting at 0, and inclined at any angle. JP'Qf cuts off 
intercepts al, J (1 -- Z), from the axes, I being less than 
unity. Find the co-ordinates of a point A on PQ such 
that the triangle OP'Q,' may be one half the triangle 
APQ. 

38. Find the bisectors of the angles contained by 
y — 6 = z a (a?-a) and y - 6 = ■= 7, (a? - a). 

39. Shew that 

btR cos ^ + ay sin ^ = a6, 

flw? sin ^ — by cos ^ = (a' — 6') cos ^ sin^, 

vare the biBectors of the angles between the two lines 

^ a cos ^ ± Va* — 6* , t . /,v 
« — acos ^ =r , . \, (y — 6 sm ^). 
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IV. Pairs of Straight Lines. 

« 

To find the angle between the straight lines 
Pivide through by b and put 

whence m + m' = ^?, mm' = ?. 
and m— T?i = r . 



But t}ie tangent of the angle betweei^ the lines 
y — mx = 0, y — mfx = is 

(m' — m) sin (o 

1 + mm — (m + m') cos to 

if the angle between the axes is o) (see ill. 14) ; which 
becomes 

2 VA* — aft sin o 

a + 6 — 2A cos a> ' 

For rectangular axes this reduces to 

a + b * 

The condition of perpendicularity in the two cases 
is a + 6 = 2AcQsai, and a»— 6 respeotively. 

The above method of resolving the equations of the 
lines into factors, and then substituting for m + m\ mm' 
and m! —m their values, will be found useful in the 
following example . 
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1. The axea cut off by y = ma; + c, from 

aa? + ^hxy + by* = 0, 

is c* VA* - ab 

a + 2Aw + bmf * 

2. The product of the perpendiculars from {of, y) on 
the pair of lines cw?* + ^hxy + 6y' = is 

ax^ H- 2Aa? y^ + &y^ 

3. tr + wy + n = guts the straight lines 

as? + 2Aa?y + 6y* = 0, 
making angles a and y8 with them. Shew that 

tana I tanj9-2 (^-^)^^-^(^'-^') 
tana + tanA^-^ a? + 2AteH- 6./i« ' 

4. The area cut by the straight line Ix + my =s from 
the pair of straight lines 

aa;'+ 2Aa?y + 6y* + 25raj + 2^ + c = 
i3 • {;(A;^-6g) + mCyA-a/)}« 

(A* - at)^ (am* - 2AZm + bP) " 

< 

5. The length of the intercept cut off on 
a? cos a + y sin a = j>, by ax" + 25.Ty + cy* = 0, is 

2p V6" - ac 

a sin* a — 26 sin a cos a + c cos' a * 

6. The angles between the straight lines 

(1 — m*) y* + 277w?y + y (2am' — 4am) — 4am' (a? — a) = 0, 
are bisected by the lines 

X 

and y = -ma?+a(2m + m'). 
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7. The equation 

gives the bisectors of the angles between the lines 

aa-" + 2/iajy + 6y' = 0. 
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V. The Straight Line referred to Polar 

Co-ordinates. 

1. The length of the perpendicular from the origin 
on the line joining (r^ Q^^ (r„ Q^ is 

r,r, sin (g,-g^) 
Vr^* + r/ - Irjr^ cos (6^, - ^ J ' 

iVb^. To find the equation of a straight line passing 
through A (r^, 0^ and B (r,, 0^. Take any point Con AB 



^f'-,'®!) 




whose co-ordinates are the current co-ordinates (r, 0). Then 
expressing that the area of the triangle AOB equals the 
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sum of the triangles AOC and BOG when lies on^^ 
we get 

^r^r^ sin (0^ - ^ J = ir^r sin {0^ -0) + irr^ sin {0 - 0^), 

which may be written 

sin (g. - 0,y ^ sin (g. - 6) _^ sia (g - 6,) ^ ^ 
r r^ ^1 * 

2. Find the equations of the straight lines bisecting 
the angles between the lines joining (r^, 0^), (r,, 0^ to 
the origin, and the co-ordinates of the points where they 
meet the line AB of the previous investigation. 

3. If the bisector of the angle AOB meet AB in C, 
find the. equation of the line joining C to the point 



/2r,r, 0^ + 0^ ^2-^i\ 



4. Find the co-ordinates of the foot of the perpen- 
dicular dropped from the pole on the line joining (r^, flj, 

5. On OA of given length a, right-angled triangles 
are describe'd of which OBA is one ; the right angle being 
at B. On OB, P is taken such that 

find the locus of P. 

6. Two fixed straight lines intersect at C. From a 
given point any straight line is drawn cutting the given 
lines in A and B. On AB a point P is taken so that 
^P : PjB :: ^(7 : (75 ; find the locus of P 
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7. n fixed straight lines intersect at 0. From any 
fixed point 0' any straight line is drawn to meet these lines 
in ay b,c..^ Find the locus of a point x on this straight 
line such that 

O'x " aa'^ ab'^ O'c'^ '" 



VI. The Straight Line referred to Trilinear 

Co-ordinates. 

The homogeneous form of the equation of the straight 
line 

involves in reality only two independent constants, since 

we may divide out by I say, and replace the ratios j and j 

by new constants. 

Let (a^, )8p 7^) be a fixed point on a straight line. 
Let \, fi, V be the cosines of the angles which the co- 
ordinates OL^i P^i 7j respectively make with the line, taking 
care to measure in each case from the co-ordinate towards 
the straight line in the same direction. Now take any 
point (a, )8, 7) on the line and at a distance r from the 
given point. We then obtain as another form of the 
equation of the straight line 

_ — — / • 

The equation of a straight line passing through the 
intersection of Za + m)8 + W7 = and Va + m!fi + n'y — 
may be written 

ia + m)8 + w7 + ^(ra + m'/3 + W7) = 0; 
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for this, being of the first degree, represents some straight 
line, and is satisfied by the co-ordinates of the point of inter- 
section, which require at the same time la + 7nj3 + ny = 
and I' a -f m'fi + ny = 0. k is an indeterminate, and the 
straight line may therefore be made to satisfy one more 
condition. 

To find the equation of the straight line joining the 
intersections of two pairs of lines expressed in the homo- 
geneous form. Call the lines for brevity i^, i^, L^, L^^ 
respectively, where L^ is l^oL+m^fi •]-n^y, then since the 
line required passes through the intersection of Z^ and 
i, its equation may be written 

L, + kL,^0 (1). 

Similarly it may be written 

i3 + A'i, = 0.., (2). 

Rendering (1) and (2) identical we have 

to determine k or k\ since we only require to know one 
of them, 

A point within the triangle of reference has all its 
co-ordinates positive. A point that falls without the 
triangle, but within the angle BAC, has its q, co-ordinate 
negative, its other two co-ordinates positive. 

This example will sufficiently explain the convention 
with respect to the signs of co-ordinates, 

Adopting it we have, if (a, /8, 7) be any point in the 
plane of the triangle of reference, 

aa + h^+ cy=^ 2 A, 
where A is the area of the triangle of reference. When 
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^ ffy 7) 'U^^ .without the triangle, 2A is the. difference 
between double the sum of two of the triangles the sides 
subtend at the point, and double the third. When 
(oL, 13 f 7) lies at infinity: this finite difference becomes 
inappreciable when compared with the infinite y^.lues of 
the triangles subtended by the sides at a point at infinity. 

• 

We have then for any point at an infinite distance 

aa + bfi + cy = 0, 

and as this is the equation of a straight line, we may 
assume ^1 points at infinity to lie on a straight line. 

Three straight lines will intersect in a point if the co- 
ordinates of the point of intersection of two of them 
satisfy the equation of the third. 

Two straight lines are said to be parallel if they 
intersect at infinity; that is to say if the co-ordinates 
of their point of intersection satisfy the equation of the 
line at infinity. 

1. Hence shew that 

la + mfi + nry = 0, Z'a + m')8 + n'7 = 0, 
are parallel if 

a {mn- m'n) + 6(ni'-n7) +c(W - Tm) = 0. 

2. If the perpendiculars from any point in 

la + mP + ny « 0, 

on the sides of the triangle of reference make angles 
6r,^, i^ with the straight line, then 

icos ^ + w cos ^ + n cos-^ = 0. 
D. G. 2 
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3. The perpendicular from a point (Sp fi^y 7,) on 
la, + m^ + n7 = is 

la^ + mP^-^nrf^ 

{P + m*+ n' — 2i»7i cos -4 — 2nf cos £ — 2fo» cos (7]* * 

4. The two straight lines 

are perpendicular if 
W + mm' + n»' — (mn' + m'n) cos -4 

- (nV + n'l) cos -B- (Zm' + I'm) cos (7s= 0, 

5. Find the equations : 

(i) Of the lines bisecting the angles of the triangle 
of reference. 

(ii) Of the lines joining the vertices to the middle 
points of opposite sides. 

(iii) Of the perpendiculars dropped from the vertices 
on the opposite sides. 

(iv) Of the lines drawn at right angles to the sides 
at their middle points. 

Shew that each of these sets *of lines meet in a 
point. 

6. Find the ratio of the co-ordinates of each of the 
points of intersection of the sets of lines in the last 
example. 

. 7. Find the equations of the Unes joining 

(i) The points where the bisectors of the angles of 
the triangle meet the opposite sides. 
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(ii) The feet of the perpendiculars drawn from the 
Tertices on the opposite sides. 

8. Find the equation of the straight line joining the 
intersection of the perpendiculars of the triangle to the 
intersection of the bisectors of sides. Shew that this 
line passes through the centre of the circumscribing, 
circle of the triangle. 

9. M is a point on AB such that 

. , , c + 6 cos -4 
AM= g ; 

shew that the straight line drawn at M perpendicular to 
AB will meet CE, the bisector of AB, in the point of 
intersection of the bisectors of the sides of the triangle^ 

10. The equation of any straight line may be written 

paa + qbl3 + rcy = 0, 

where jp, q, r are perpendiculars on the straight line from 
A, By and G respectively. 

11. If p, y, r be perpendiculars from the vertices on 
a lin& passing through the intersection of the bisectors of 
sides ; shew that, adopting a certain convention with re- 
gard to sign, p + y + r = ; and secondly, if p, q, r repre- 
sent perpendiculars from the vertices on the line joining 
the intersection of the perpendiculars from the vertices 
on the sides to the centre of the circumscribing circle, 
shew that the same relation holds between them. 

12. !£ py q, r he the perpendiculars from the ver- 
tices 

(i) on the line joining the centres of the inscribed and 
circumscribed circles of the triangle of reference ; 

2—2 
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(ii) on the line joining the centre of the circumscrib- 
ing circle to the intersection of the perpendiculars from the 
vertices on the opposite sides; find in each case the 
ratios p : q : r. 

13. AD, BE, CF are perpendiculars from the vertices 
on the opposite sides of the triangle of reference ; find the 
locus of a point such that the algebraical sum of its per- 
pendicular distances from the sides of the triangle DEF is 
zero. 

14. Shew that 

represents only one finite straight line. 

15. Two vertices A and £ of a triangle ABO slide on 
fixed lines OA, OB. Find the locus of the vertex 0, if 
AO, BO, AB pass through three fixed points P, Q, R respec- 
tively, which are situated in one and the same straight line. 

16. AD, BE, OF are three lines through the vertices 
of a triangle ABO, intersecting in 0. D, E, F are the 
points where they meet the sides. If DE and AB inter- 
sect in L, and if M and N are the other two similar inter- 
sections, shew that L, M, N lie on the same straight line. 

17. If the co-ordinates of the point of intersection 
in the last example be proportional to 

shew that 

sin BOO [m? + w* — 2mn cos -4} "* 

= sin OCA {n» + Z* - 2ln cos jB}"* 
=rsin^05{?+m"-2Zmcosq-*. 
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18. If three straight lines join a point to the 
vertices of the triangle of reference, and if p, y, r be thd 
perpendicqlars drawn from any point on OA, OB^ 00 re- 
spectively ; shew that the algebraical sum 

psmBOG+qsin COA + rsin-405 = 0. 

19. If p, J, r be the perpendiculars from on the 
sides DEy EF, FD in Example 16, and if P be the per- 
pendicular from on the line LMN, then if (a^ ^^, 7 J 
be the co-ordinates of 0, shew that 

20. The side BO of the triangle of reference subtends 
a right angle at any point (a, jS, 7) whose co-ordinates 
satisfy the equation 

)S7 = a{acos-4 — ^cos J9 — 7C0S €}. 

21. The two points at which the escribed circles of a 
triangle subtend equal angles lie on the straight lind 
whose equation is 

a cos -4 (6 — c) -I- /8 cos J9 (c — a) 4- 7 cos (7 (a — 6) f 0, 

22. If a straight line be drawn from the vertex of 
a triangle to the point where the inscribed circle touches 
the base, the middle point of this line, the middle point 
of the base, and the centre of the circle will lie in a straight 
line. 

' , ■ 

23. Perpendiculars are drawn from any point on the 
^ides of the triangle of reference; find the co-ordinates of 
the feet of these perpendiculars. 
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24. A point (a, fi, 7) is taken within the triangle of 
reference and perpendiculars are drawn on the sides, the 
co-ordinates of whose feet are (a^, /8j, 0), (0, )8„ 7J, 
(«8> ^> 78)» sl^ew that 

25. If )8-Aj7 = 0, 7— A;,a=0, a—hfi^Q make angles 
d, ^1 '^ with the aides ^^, i?C7, CA of the triangle of 
reference, shew that 

flin(ii-g+^)Bin(B-»+g)8in(C-^+0) 

008*^. cob' 0.008^^ 

_ (wiA + kJe^anB -f ftgBmC)(8iiLB + JfcatgginC + A;,BiiLi)(amC + kje^mnA -f Jk^Biiig) 

26. If A' be the area of the triangle formed by the 
intersection of /8 — k^ = 0, 7 — A:,a = 0, a — k^ = 0, shew 
that 

A-A^ ^ gA-, ^ &fc, ^ ck^ 

A cA?/?3 + ai3 + 6 oAj^fc^ + 6A?j -f c iijfc, + (?&, + a' 

where A is the area of the triangle of reference. 



YIL The Cibcle referred to Cartesian 

Co-ordinates. 

1* Construct the circle whose equation is 

and determine the equation of that diameter of it which 
passes through the origin of co-ordinates. 

2. A circle passes through the origin and through 
the point (3, 7) ; its centre is on the axis of x ; find its 
equation. 
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3. Find the radii and co-ordinates of the centres of 

(1) &c»-2y(7-8y)-0, 

(2) 3a;*- 6« + 8y* + 9y- 12 » 0. 

4« Find the radius and the co-ordinates of the centre 
of the circle whose equation is 

and the points where it cuts the axis of x. 

5. Find the equation of the circle passing through 
the three points (7, 5), (- 2, 4) and (3, - 3). 

6. Find the equation of the circle through the pointy 

(7, 4), (- 5, 3) and (1, 7). 

7. Shew that the equation of the circle becomes 

aj* + 3/"-2ry=:0, 

when the origin of co-ordinates is on the circumference, 
the centre being on the axis of y and r the radius. 

S. The equation of a circle is 

find its radius. 

9. The equations of the three circles are 

«' + y*«3 (1), 

fl?" + y*-6a?-10y + 25 = ....(2), 

a? + y"-4(4a? + y) + &2==0 ....(3). 

Shew that the line joining the centres of (1) and (2) is 
perpendicular to the line joining the centres of (2) 
and (3), 
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10. Find the equation of the common chcoxl dt the 
two circles 

a? + y«=:25 and a?' + /+6a7-8y = 0. 

11. The equation of a circle is 

«" + y"- 6a?- 12y + 41 = 0, 

find its radius; and also the equation of the tangents which 
pass through the origin of co-ordinates. 

12* Find the angle contained by those diameters of 
the circles 

af'+f -{• a + iy + 1 = 0, 

and , «" + y' + 2a? + y + l=0, 

which pass through the origin. 

13« Determine the circle which has its centre at the 
point (1, — 3) and which touches the straight line 

y- 2a? + 4=0. 

14. Find the points in which y = 5a? + 2 meets the 
circle y* H- a;* — 4y — 13a? = 9 ; and the length of the part 
intercepted. 

15. Determine the points in which y = 3a? 4 2 cuts 
the circle y'+ a?" — 4a? + 4y = 7. 

16. Find the angle at which a tangent of the circle 
a?'rhy'?=16, at a point. whose abscissa is —3, cuts the 
axis of a?. 

Note. It is useful to express the fact that a point lies 
on the circle by writing a? and y in terms of the same 
variable parameter. Thus in the circle 
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* 

we may assume fl: = a + rcostf, y^fi + rBiad; to be 
itny point oii the circle by assigning different values to 
0, The angle is induded between a radius through the 
given point and another parallel to the axis of x. . The 
tangent at the point becomes in this case 

(x — a) cos 5 + (y — /8) sin = r. 

The condition that te + my -f n = should touch the 
circle (a? — a)" + (y — 13)* = r" is best expressed by saying 
that, the perpendicular from the centre of the circle 
(d, 0) equals in length the radius. This gives at once 

la + mfi + n 



*JJr-^m 



% 



=« + r. 



17. Find the conditions that the sides of the triangle 
whose vertices are (a?^ yj, (a?,, y,), (j?,, y,) should touch 
the circle a? + y* =^ r^, 

18. One of the straight lines represented by 

touches the circle' 

(a?-a)" + (y-J)' = r» if r^Vo^fJ*, 

r ' 

the other if 

a' + b''' 

19. The circle described upon the line joining the 
points (jc,, yj, (x,, y,) as diameter, has for equation ' 

(a?-a?,)(a?-a?,) + (y-yj)(y-y,) = 0. 

20. The equation of the segment of the circle passing 
through (x^, yj, (x^, yj and containing an angle a is . 

(a? - a? J (a? - 0? J + (y - y,) (y - y,^ 1 cot a . A = 0, 
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A 

where -^ is the triangle subtended by the current jK>ial 
(a?, y) at the points (x^, y^, (ar,, yj. 

21. Two circles of radii a and b intersect at an angle 0; 
the length of the common chord is 

2ab sin 
Va"-2a6cos(? + i*' 

22. The area of the triangle contained by two 
tangents from the point (x^, yj to the circle a? + i^=^f^ 
and their chord of contact is 

23. Find the angle between the straight lines which 

join the points of intersection of - + /^ = 1 with a? +y* = o? 
to the origin. 

24. The condition that the chord of contact of 
tangents from (h, k) to a? + j^=^r* should subtend a 
right angle at Qh\ k') is 

hh'+kk'^T*" h^ + Jf' 

25. If x^^ y^ be the co-ordinates of the middle point of 
the chord of a circle, the equation of the chord may be 
written 

26. The locus of the middle points of chords of a 
circle passing through a given point is a circle passing 
through the centre, and described on the distance between 
it and the given point as diameter^ 
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27. Two circles touch; shew that the perpendicular 
distance of any point from their common tangent at the 
point of contact varies as the difiference of«the squares of 
the tangents drawn from it to the two circles. 

28. Find the equation of the circle which is inscribed 
in the triangle formed by the two tangents to the circle 
a? + y*s=a* from the point (2a, 0) and their chord of con- 
tact. 

29. Find the angle contained by either tangent from 
(A, k) to the circle (a?— «)*+ (y — i8)'=r^ and the polar of 
the })oint with respect to the same circle. 

30. Find the locus of a point the chord of contact of 
tangents from which to a circle is of constant length. See 
Note after (34)« 

31. Find the condition that the polars of {h, k) and 
(A', i') with respect to the circle a^ + y* = r* should inter* 
sect on the circumference. 

32. If the arc intercepted on 

a? H- y" = 2cw? by a;* +y" ± 26y = 0, 

and external to both circles is equal to either of the arcs 
intercepted by the same circles and external to both on 

a? + i^=V; shew that oisinf^j is a harmonic mean 

between a* and b\ 

33. If through the middle point of any chord of a 
circle two chords are drawn, the straight lines joining their 
extremities will intersect the first chord at equal distances 
from the middle point 
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34. The tangent at any point of a circle bisects the 
intercepts made upon the tangents at the extremities of a 
diameter by the lines joining the point to the extremities 
of the diameter. 

Note. The equation of the chord joining two points 
(a cos 0^ a sin 6) (a cos <f>, a sin <^) which lie on the circle 
a? -\-y*=z a*, can be shewn to be 

0-^ff> , . + 6 0-r-<f^ 

xcos—^+ysm—~^^acos^-^.... (1). 

Let {x^, y^ be the pole of this chord with respect to 
the circle; then (1) may be written 

^^i+yyi = »'••••• *-(2). • 

* 

Comparing (1) and (2) we find therefore that the 
tangents at any two points 

(a cos Of a sin 0), (a cos ^, a sin j>) 

intersect at the point whose coordinates are 

0-^6 . + 6 

cos — —^ sm — ^ 



cos zr^ COS — 7~ 



35. Three tangents are drawn to the circle x*+y* = a', 
two of the vertices of the triangle formed by them lie on 
y = mx + c,y = m'x + o, shew that the third vertex will li^ 
on the line 



if 



(mc' — m!c) y + (c' — c) a? + a (m — m) = 0, 

a' 1 



cc 1 + mvi 



f • 
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:. 36. Find the equation of the circle ciittiBg ottibo- 

gonally the circles 

»" + y' = a'; 

37. Find the locus of a point the lengths of whose 
tangents drawn to two fixed circles have a constant ratio, v 

38. If the co-ordinates o{ A, B, G, three points on a 
circle, he a, jS, y in the eccentric notation and the tangent 
at C meet AB in D, shew that 

2R 



CD^ 



cot ^^ + cot ^ '^ 



2 " ^^^ 2 
where B is the radius of the circle. 

39. Ay B, are three points in the plane of a circle 
whose centre is aud radius r. Shew that the area of the 
triangle formed by the intersections of the polars of Ay B, 
C, with respect to the circle is 

r'{ABCy 
^{AOB).{BOG).(GOAy 

(ABC) &c. denoting the area of the triangle formed by 
the points A, By G, &c. 

40. ABC is a triangle, AA' the perpendicular on BG 
Taking A'C and A' A as axes of x and y, the equation of 
the nine-point circle of the triangle is 

i^+y* -iJja? sin (jB- C) + jrcos (B-C)} = 0, 

R being the radius of the circumscribing circle. 
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41. Find the co-ordinates of the centre and the radius 
of the circle in (40). 

42. Find the distance between the centres of the cir- 
cumscribing and the nine-point circle of the triangle ABC. 

43. If t^, i^t f, be the lengths of tangents that are 
drawn from the vertices of the triangle ABG to its nine- 
point circle, shew that with the notation of (39) 

44. If I, m, n be the lengths of the chords intercepted 
by the nine-point circle on the sides a, b, c of the triangle ^ 
ABC respectively, shew that the algebraical sum 

cd + bm + en 
is zero. 

45. Find the equation of the circle having the point 
of intersection of the perpendiculars from the vertices of a 
triangle on the opposite sides as centre; and the product 
of the segments into which this intersection divides any 
of the perpendiculars equal to the square of its radius. 

46. K t^, t^y t^ be the lengths of the tangents drawn 
from the vertices to the polar circle of the triangle and if 
B be the radius of the circumscribing circle, shew that 

f,» + ^,« + <3« = 4iJ»(l-5cosilcosJScos(7). 

47. Find the equation of the circle circumscribing the 
triangle formed by the three lines 

fn^ Iflg f#»g 

and shew that it passes through the point 
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48. Find the equation of a circle referred to two fixed 
tangents as axes, that are each of length b and include an 
angle m. 

49. A point P is taken on a circle whose distance 
PM from a given -chord is equal to half that chord. Prove 
that the distance of the middle point of PM from the 
centre of the circle is equal to the sum of one quarter of 
the chordy and its distance from the centre. 

50* A straight line slides on two lines at right angles 
and always touches a circle of radius r and having the inter- 
section of the lines as centre. If 2 be the length of line 
intercepted by the two given lines shew that the intercepts 
on them are. given by the roots of the quadratic 

a^-'\/{JP + 2lr).x + lr = 0. 

51. On the tangents to a circle constant lengths are 
measured on each from their points of contact. Find the 
locus of the extremities. 

52. The line joining the feet of the perpendiculars 
dropped from any point of the circumference of a circle on 
two fixed diameters is of constant length. 

53. AP, BQ are chords at the extremities of a dia- 
meter AB and intersect in E, If d be the diameter of the 
circle, shew that 

AP.BA-^-BQ.RB^cP. 

54. Two circles touch at (7; on any chord through 
C meeting the circumferences in B and A a point P is 



taken, and PM is the perpendicular from JP on -the 
common tangent. Shew that ! 

9PM 

where a and b are the radii of the circles. 



VIIL The Cibcle beferbed to Polar Co-OKDiNATEa 

Taking the pole at a distance c from the centre of 
a circle of radius a, the equation of the circle is 

r" — 2crcos^ + c' = a*. 

When the pole lies on the circumference this reduced 
to r = 2acos^, by putting c = a; when the pole is the 
centre c = 0, and the equation of the circle is r = a. 

The equation of the chord joining two points (a,' 0^), 
(a, 6^y on the circle having the centre as pole may be 
found directly, or by substituting rj = a, r, = a in the 
equation 

sin (g. - g.) ^ sin(g-g.) ^ sin {6 , -0) _ ^^ 
r r^ ^1 ' . 

to be 

cos -*-s — 1 

ff 

hence the tangent at a point a is 

- = cos {B — a). 
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1. The equation of the' chord joining two points a, fi 
on the circle, r** 2a cos & is 

r cos (a +^— ff) = 2a cos a cos)8. 

2. If a^ a, are the radii of the two circles which 
touch the circle in (1) at the origin and also touch the 
given chord ; shew that 

' — + — =«8eca. sec/8. cos(a+i8). 

3. Two diameters of a circle intersect at right angles. 
Taking one of them as initial line and the centre of the 
circle as pole, shew that the middle points of the inter- 
cepts made by the diameters on tangents to the circle lie 
on the curve 

- = sin2^. 
r 

4. From a given point a chord is drawn to cut a 
given circle in P and Q, and R is taken on this chord so 
that 

^^-0P» + 0(2"+0P.0Q, 

find the locus of ii. 

6« The equation of the circle on the line joining 
(^i* ^i)* (^t> ^j) ^ diameter is 

r^ = TTj cos (5 — tfj) —r^r, cos {d^ — 0^ +r^r cos (0^ — ff). 

6. The equation of the tangent to a circle whoso 
centre is {c, a) at a point {r^, 0^), is 

r^ == Tfi cos (J9^ - a) - cr cos (a — 0) + it^ cos {0 - 0^). 
D. G. 3 
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7. If in the last example the point of contact be P 
and PQ is measured along the tangent from P, of constant 
length I ; shew that the locus of Q is 

f^-2crcos(d-a) = a* + P-a», 

a being the radius of the circle. 

8. The vertex (7 of a triangle is fixed. The length 
of the base is 2c and the sides are of the form 2c\ 

2cVl— \", where X is variable. Find the locus of the 
middle point of the base* 



IX. The Radical Axis of two or more Circles. 

If i8f=0 and J^ = denote two circles, S-kS'^O 
is the equation of a circle passing through their points of 
intersection, real or imaginary. If the coefficients of a^ 
and ^ in 8 and ff are unity, then when k has the value 
unity it will be seen that 5 — /S' = is the equation of a 
straight Ime passing through the real or imaginary points 
of intersection, called the radical axis of the two circles. 
Thus any two circles have a radical axis whether they 
meet or not. It is best to take the radical axis and line 
of centres of the circles as axes of y and of x respectively, 
when a system of circles having the same radical axis may 
be written 

where b is the same for all circles of the system and h 
varies, being the distance of the centre of each from the 
radical axis. The points where the axis of y meets the 
circles are found (putting a? = 0) to be y*+ J*=0, which are 
real when V is negative, that is when r, the radius of 
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the circle, is greater than h, and imaginary when V is posi- 
tiye, ie« when r is less than h. 

!• The square of the tangent that can be drawn &om 
any point on one circle to another is proportional to the 
perpendicular from the point on their radical axis, 

2. If two circles touch, their common tangents sub* 
tend right angles at the point of contact. 

3. Find the equation of the system of circles cutting 
the system a^ + ^ — 2hx = 6* orthogonally. 

4. Two circles touch. A chord of one circle touches 
the other, find the locus of its middle point. 

5. Shew that the common tangents to two circles 
intersect the line joining their centres in points, the ratios 
of whose distances from the two centres is equal to the 
ratio of the radii of the circles. 

X. The Ellipse befebred to TH£t Centbe 

AS Obiqin. 

[Unless otherwise mentioned, -j + ^ = 1 w taken as the 

equation of the ellipse.] 

1, Shew that the locus of a point whose distances 
from two fixed points are together equal to a given line 
is an ellipse whose major axis is the length of that line. 

2. If a straight line of given length move so that its 
extremities are always on two straight lines at right angles 
to one another ; shew that any point in it will describe an 
ellipse, whose semi-axes are the segments of the line. 
Explain the case in which the point bisects the line. 

3-2 
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3. A tangent to an ellipse is inclined at an angle of 
45® to the axes; find the co-ordinates of its point of 
contact with the curve. 

4; Find the point in which the line joining a focus 
to an extremity of the minor axis meets the curve again. 

5. The locus of the point whose distances from a 
given point in the axis of x and from a given straight line 
parallel to the axis of y are in the ratio e : 1 is the curve 

y» + (l-e^a?-2m(i+c)a? = 0, 

m being the distance of the given point from the origin, 
and the line being at such a distance from the axis of y 
that the locus passes through the origin. 

Note. It is useful to denote a point on the elUpse 
by (a cos 6, 6 sin d) in the eccentric notation. By referring 
to a point on the ellipse the point (a cos By b sin 0) will 
be meant. Let G be the centre of the ellipse^ then if PN 
be drawn perpendicular to the major axis and produced 
to meet the auxiliary circle in Q, we see that 

GN^aco^0^CQco%QGN, 
.-. jl0=lQGN. 

6. The equation of the chord joining two points 
and on the ellipse 






a 

X + 6 
is 

Hence deduce the equation of the tangent at 0, 



X + 6 , y . + 6 0-6 

-cos-2^ + |sm-^ = cos-2^. 
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7. Find the length of the chord joining the points 
and ^ on the ellipse. 

8. Given the co-ordinates of a point at the ex- 
tremity of a diameter firstly in the form {x^, yj, secondly 
in the form (a cos ^, 6 sin 6f)y find the co-ordinates of the 
extremities of the diameter conjugate to the same. Hence 
shew that the sum of the squares of two conjugate semi- 
diameters is constant and equal to a' 4- b\ 

9. Find the co-ordinates of the points of intersection 
of the tangents at the paints and ^. 

10. If (x^y y^ be the co-ordinates of the middle point 
of a phord of the ellipse -« + ^ » 1^ shew that the equation 
of the chord may be written 



a» ^ 6* ~ a" ^ 6* • 



11. Through a fixed point straight lines are drawn to 
cut the ellipse. Find the locus of the middle points of 
the chords which they intercept. 

12. A triangle is inscribed in the ellipse 

^ + 2^ = 1 

If (^i» yi)» (^«> y^y K» Vzi ^^^ ^^^ co-ordinates of the 
middle points of its sides, shew that they satisfy 

and two similar equations. 
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13. The length of a chord of the ellipse in terms of 
(a?,, y^), its middle point, is 

14, In general one chord of an ellipse and only one 

is bisected at right angles by - + - = 1. 

P 9 

Find the co-ordinates of the point of bisection. 

15* If a circle be described on a chord of an ellipse as 
diameter whose middle point is (x^, y^), and if (a?,» y,) be 
the middle point of the chord joining the two remaining 
points of intersection of the curves, shew that 

a'y, "" Vx, ••^^^' 

^iyi+yA=o (2)- 

16. Shew that the equation of the second chord in 
(15) is 

17. The condition that the polars of {x^^ y^, {x^, y^ 
should intersect on the ellipse is 

18. From a point (rr^, yj tangents are drawn to the 
ellipse. The area of the triangle formed by the tangents 
and their chord of contact is 
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Note. To find the angle between the tangents that 
can be drawn to the ellipse from a given point (a?,, y^. 
Using the eccentric notation, if a tangent at the point ti 
passes through {x^y y^ we have 

^costf + ^*8ind = l, 
a o 

or sabstituting for cos and sin in terms of cot 0, 

(l_f^)eot«^-?5J?,eot^.+ l-|r'-0 (1). 

If cot 0^ and cot 0^ are the roots of this quadratic, m^ and 
171, the tangents of the angles which the tangents make 
with the axis of x^ and the angle they include ; we have 



and 



' a * * a * 



ten A- *".-♦"« - 2a6(cotg.-cotg,) .„ 



Substituting from (1) in (2) vd obtain 

19. The locus of tangents cutting at right angles is a 
circle concentric with the given ellipse. 

20. The tangents of the angles which the tangents to 
the ellipse from the point {x^, y^ make with the axis of x 
are given by the quadratic 
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21. Find tbe lengths intercepted by the tangents 
from (a?jy y^ on the major and minor axes respectively. 

22. If (Ay Xr) be the points of intersection of the 
tangents at the points (aj^, y^), (a?j, y,) ; shew that the 
normals will intersect in the point 

23. If {h, h) and (or, fi) be the intersection of the 
tangents and normals respectively at the extremities of a 
pair of conjugate diameters, shew that 

/3h a"' 

24. The tangents from (x^, y^ to the ellipse intersect 
at right angles. Shew that the intersection of the normals 
at the points of contact lie on the straight line 

X a^' 

25. If the line ^ = ^ in the last example meet the 

X x^ ^ 

polar of (a?j, yj in (A, A?) shew that 

26. The chord joining the points a, fi on the ellipse 
will subtend a right angle at a vertex if 

tan^.tan2- + T5=0; 

at the centre if 

tana, tan/3 + p «u. 
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27. Find the locus of the pole of a chord of an ellipee 
when it subtends a right angle 

(1) at a vertex, 

(2) at the centre. 

28. Find the locus of the pole of the chord the per* 
pendicular from the centre on which is constant 

29. Hie length of the polar chord of the point {x^, yj is 

2abJS 

where p is the length of the perpendicular on it from the 
centre and 

30. Find the equation of the circle passing through 
the lower extremity of the minor axis and the foci. 

Find where it meets the minor axis again. 

31. If from the lower extremity B of the minor axis 
RB a length B^D be measured along it, such that it, the 
semi-major, and semi-minor axes form a continued pro- 
portion, shew that BD will subtend right angles at the 

foci and at the points whose ordinates are ,^,, . 

32. If from a point T whose co-ordinates are w and y 
tangents TP, TQ are drawn to an ellipse whose centre is 
and equation 

o« ^ 6' ^' 
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shew that 

CP cos PCT+CQcoBQOT=rT^^ 

33. A chord of an ellipse moves parallel to itself; 
shew that the sum of the eccentric angles at its extremi- 
ties is constant* 

34. The tangents to the ellipse ha? +aj^ ^ ah (a -^l) 
at the points where it is cut by bxcosO-^ay miO^ai are 
at right angles to one another. 

35. If a common tangent be drawn to 

-i + ?i = 0, andTi+ -, + — =0, 

or V c V or c 

it will subtend a right angle at the origin. 

36. Find the locus of the point of intersection, other 
than the centre of the ellipse^ of the circles described oa 
two conjugate semi-diameters as diameters. 

37* Find the locus of the middle point of the chord 
joining the extremities of t^o conjugate diameters. 

38. Find the locus of intersection of the bisectors of 
the sides from opposite vertices in the triangle formed in 
a given ellipse by two conjugate semi-diameteiB and the 
chord joining their extremities. 

39. On PQ, a chord joining the extremities of two 
conjugate diameters, an equilateral triangle is described. 
Find the locus of the vertex. 
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40. The centre of the circle curcumscribing the triangle 
formed by two conjugate semi-diameters and their chord 
is fixuid by the intersection of the straight lines 

, . B*8in'a + a*co8*ai 
bysina +cM?cosa = ^ 

- J*C08*a+a^8in*a 
dycosa — oxsmas ^ 

nehere a is the co-ordinate of the extremity of one of the 
diameters, 

41. The chord joining the extremity of the diameter 
which passes through the point a to the extremity of its 
conjugate in the ellipse 

passes through the centre of the circle circumscribing the 
triangle formed by the semi-diameter through the point a, 
its conjugate, and the chord joining their extremities in 
the ellipse aV + 6V = a*b\ 

42. The chord joining (x^, y^ a point on the ellipse 
to the extremity of the diameter conjugate to that through 
(^i> Vii subtends right angles on the axis of x at points 
given by 

ahof — ax {hx^ -~ay^ = (a* — V) xjf^ . 

43. Four points a, )8, 7, 8 on the ellipse will be 
circumscribable by a circle if a + i8 + 7+S is an even 
multiple of two right angles. 
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Properties of the Normal. 

44. Find the equation of the normal at the point 

(a co8 0,bsin 6). 

45. The normal at any point of an ellipse -i + n = 1 

will always pass through the point which has the same 

eccentric angle on -Ti + r^*= 1, if oa' - 66' = a' - 6\ 

a Q 

46. If cut' = bb\ the locus of the intersection of normals 
to the two ellipses at points having the same eccentric 
angle is the ellipse 

1 SL ns 1 



{a+ay {b + by 

I 

47. The normals at the points whose eccentric angles 
are a, fi, y will meet in a point if 

sin (a + fi) + sin 08 + 7) + Ein (7 + a) « 0. 

48. The normal at {h, k) will meet tiie ellipse again 

in the point 

g y 1 

A(a«-6»-;)')"A;(-a« + 6«-i)»)"a" + 6»-p«' 

p being the perpendicular from the centre on the tangent 
at (A, k), 

49. If a, A 7, 8 be the eccentric angles of the points 
where the normals from a given point meet the ellipse, 
shew that a+fi + y + Biaon odd multiple of ir. 
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50. The tdngents of the indinations to the axis o£ w 
of the normak from the point {x, y) to the ellipse are given 
by the equation 

— %i*ayym + a*^ = 0. 

51« Find the locus of the points such that if normals 
1)0 drawn from them to the ellipse, the sum of their in- 
clinations to the axis of x is constant and equal to ^. 

52. On the normal at P a length PQ is taken such 
that PQ' = CQ^ + Clfy G being the centre and CD the 
diameter conjugate to CP. Shew that the locus of Q is 
the concentric ellipse 

53. The normal at P meets the diameter conjugate to 
the one at P in Q; shew that the co-ordinates of Q satisfy 
the relation 

54r. In the last example if (7 be the centre, CD the 
semi-diameter conjugate to CP, and if {x^, y^ be the co- 
ordinates of P, shew that 

and that 



tanCP(2 = (^,-^)a?^,. 



. 55. Find the locus of the points of intersection of the 
normals at the extremities of pairs of conjugate diameters. 
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56. The equation of the ellipse referred to the tangent 
and nonnal at any point as axes of x and y respectivelj^ 
at which a' is the diameter, V its conjugate, m the angle 
between the tangait at the point and the diameter a , is 

b'^'^^W^V bV y* "SS"""- 

57* Find the length of nonnal intercepted at a point 
P, whose diameter is a and its conjugate 6'. If CD be 
the semi-diameter conjugate to OP, find the length inter- 
cepted on the normal at Z>. 

58. If JT and N' be the lengths of normal chords in- 
tercepted by the ellipse at points Pand J) which are the 
extremities of two conjugate semi-diameters of lengths a 

and V respectively, shew that -jn. and -^ are the roots of 
the quadratic 

*^ 2S"*"** 4 '^' • 

w being the angle PCJD. 



Pbopebties of the Focl 

59. The semi-ordinate JfP of a point P on an ellipse 
is produced to meet the auxiliary circle in Q. K C be the 
centre of the ellipse, S a focus and e the eccentricity, shew 
that 

tani P5(7 = ^j^tani QCJf. 

60. In the last example find the locus of intersection 
ofiSPand CQ. 
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61. If tangents be drawn to an ellipse from any point 
P, and if T and T are the points of contact, shew that PT 
and JPT subtend equal angles at either focus. 

m 

62. If I? be the length of the perpendicular from the . 
focus iff on a tangent at P, shew that 

b and a being the semi-minor and semi-major axes. 

63. If I and t be the lengths of the tangents from a 
given point at a distance d from the focus S,i£r and r' be 
the radii yectores from 8 to their points of contact, and^ 
and p' the perpendiculars from S on the tangents, shew that 

(1) ^7^=d-"-'. 

^ ^ Vp'-lp" W ' 

64. P, (a cos 6^ b sin 0) is joined to the foci S and S. 
SP and 8^P meet the curve again in Q and B. If Q and 
B have ^^ and ff>^ as their eccentric angles, shew that <f>^ 
and 0, are determined from the relation 

. <^ ±g-I ,tf 

65. The equation of QB in the last example is 

— cos tf + ^ . -= — =- . sin tf = 1 . 
a 6 6^ — 1 

66. The focal radii of a point P meet the curve 
again in Q and i2. Shew that the pole of QB will Ue on 
the normal at P, 
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67. 8M and ^M axe drawn perpendicular to the focal 
distances of P{x^, y^, viz. 8P and SP. Knd the co- 
ordinates of If. 

68. The circle descrihed on the focal distance of any 
point touches the auxiliary circle. 

69. If p and p' be the perpendiculars from the centre 
C and the focus 8 on the tangent at a point P such that 
8P=r, shew that 

p'a=^pr, 

a being the major semi-axis; and if a parallel to the 
tangent through C meet 8P in E and 8P in jE^, shew that 

EP = irP=^a. 

70. ABC is a triangle of constant base BC. The 
perpendicular at 0, the middle point of BC, meets the sides 
or the sides produced in M and i^; find the locus of ^ if 

71. A triangle is inscribed in an ellipse. The lines 
drawn from the vertices to bisect the opposite sides meet 
them in {x^, y^), (a?- , y^, (a?„ yj and intersect at a focus ; 
shew that 

x^ + x^^ + x,^ y^ + y:-¥y^ _ ^^a^-V 

a« ■*■ 6* "* 36a« * 

72. The circle through the foci and any point of an 
ellipse will pass through the intersection of the minor axis 
and the normal at the point. 
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Note. When a system of conies has the same foci the 
conies are said to be confocal. 

« If X denote the half distance between the foci, any 
conic of the system whose semi-axis is o may be written 

Again, we may write the equation of any conic of a 
confocal system in the form 



if J a* — V is the half distance between the foci ; where by 
giving k diflferent values, the various conies of the system 
axe obtained. 

73. Confocal ellipses intersect at right angles. 

74. In general two conies of a confocal system can be 
drawn through any point in the plane, of which one is an 
ellipse, the other a hyperbola. 

75. Find the locus of the pole of a straight line 
y = mx + c with respect to a system of confocal ellipses, 

76. Two straight lines cut at right angles ; they are 
tangents respectively to two confocal conies ; find the locus 
of their intersection, 

77. From a point in the axis of a?, tangents are drawn 
to a system of confocal conies ; find the locus of the points 
of contact. 

78. Two ellipses are confocal, A tangent is drawn to 
the one at a point P, and Q is the pole of this tangent 
with respect to the other ellipse, lip be the perpendicular 
from the centre on this tangent, shew that 






where 2a, and 2a^ are' the major axes of the two ellipses. 
P. o. 4 
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XL The Ellipse befebbed to Polab Co-obdinate8« 

THE Focus BEING THE POLE. 

If Z be half the latus rectum, the equation of the 
conic is 

- = 1 + c cos r, 
r 

which is an ellipse or a hyperbola according as e is less 
or greater than unity. 

Note I. To find the equation of a chord of this conia 
Take a + A a — /9, as the angular co-ordinates of the two 
points it is to join ; and assume it of the form 

~ = -4 cos tf + jBcos (tf — a) 

where A and B are constants to be determined. 

Then, since the chord passes through a + fi,we have 
l + ecos(a + i8)=Jcos(a + ^)+5cos)8 (1); 

and since it passes through a — /3, we have 

l + 6Cos(a-)8)=^cos(a-j8) + J5cosi8 (2); 

whence A = e, B = sec fi, and the chord becomes 

- = 6 cos 5 + sec /8 cos {0 — a). 

When a + fi and a — ^ coincide )8 = 0, and we infer the 
equation of the tangent at the point a to be 

- = e cos tf + cos (^ — a). 
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Ifote IL Since the tangents from any point to an 
ellipse subtend equal angles at a focus, it follows that the 
angular co-ordinate of the intersection of tangents at point3 

whose angular co-ordinates are a and /3 is ~o~~ • 

1. Find the locus of a point, from which if tangents 
Jbe drawn, their points of contact will subtend a constant 
angle 2a at the focus. 

2. Find the locus of the point where the chord PQ 
subtending a constant angle 2a at the focus is met by the 
internal bisector of the angle PSQ. 

3. The normal to the ellipse - = l + «cos9 at the 

point a is given by 

Z_ l +gcosa (' gsing + sin(^ — g) ) 
r" e I sin a j 

4. If /3 be the angular co-ordinate of the point whete 
the normal at a meets the curve again, shew that 

tang • tan 5 = — -f-- -^ • 

2 2 6' + ecosa+l— e 

5. The polar of the point {c, a) with respect to 

I 

- =l + 6C0Stf 

r 



IB 



[ — 6cos0j[- — tfcosaj =cos(tf — a). 



6. Two conies having a common focus, latera recta 
l^, l^ eccentricities e^^ e^, and their axes inclined to each 
other at an angle a, will touch if 

ih - y " = ^tV + <h' - ^^i^Ah cos 0. 

4—2 
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7. The focus of an ellipse^ of eccentricity e, and latus 
rectum 21^ is the centre of a circle of radius a. The 
point of contact on the ellipse of the common tangent to 
the circle and ellipse is given by 

5- (1+0 



a == cos — 



2e 

8. A tangent is drawn to an ellipse at Q, and the per- 
pendicular from the focus S meets the curve in P and the 
tangent in P' ; shew that 

9. A circle touches a conic - =l+e cos $ at the point 

= a and passes through the pole. Shew that the equation 
of the chord which joins the other two points of intersec- 
tion is 

I 1 + 2« cos a + e* 



r e 



= e cos ^ + cos {0 + a). 



10. On each radius vector 8P a length 8Q is taken 
equal to the length of the perpendicular from the focus on 
the tangent at P. Find the locus of Q. 

11. From P tangents PQ and PQf are drawn to an 
ellipse, SP meets the curve in B ; shew that the angle 



QSQ" = 4 cos"* . 



_1_ J_ _2_li 



8E J- 

12. The angle between the radius vector and the tan- 

. . • X • i. *il+«cosa 
gent at a pomt a is tan * : , 
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13. If the tangent and normal at P meet tlie major 

1 1 
axis in Q and R, shew that -^ — -^-p is constant for any 

position of P. 

14. If in the previous example PQ and PR, produced 
if necessary, meet the laiua rectwm through the pole in q 
and r respectively; shew that 

15. If a circle be described on the focal radius vector 
to the point on the ellipse, whose angular co-ordinate is a, 
as diameter, shew that the remaining points of intersec- 
tion of the curves are given by 

tan"| + tan*|. tan I (2c - 1) + tan I (2« + 1) = tan I . 

16. If a^, a,, a, be the angular co-ordinates of the 
points where the circle in (15) meets the ellipse again, 
shew that 

aj + a, + flf,— a 

is an even multiple of two right angles. 

17. Two coniciSt of latera recta Z^, Z,, and eccentricities 
e^y «,, have the same focus, but their axes at right angles. 
If any chord through the focus 8 meet the first conic in 
P and P', the second in Q and Qfy shew that 

<^^ SP'SQ: SQ'SF l,\8P SPJ^I,\8Q' SQj' 
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18. ^fhe eonics 

r 

? 

- = 1 + ^ cos r, 

r 

cut at a pcnnt whose angular co-ordinate is 
and at an angle 

19. P is any point on the ellipse. The bisector of 
the angle PSS^ meets F8' in ; find the locus of O, 

20. 8 and /S^ being the foci and P any point on the 
ellipse, find the locus of the centre of the circle inscribed 
in the triangle P88\ 



XII. Miscellaneous Examples on the Ellipse. 

1. Tangents are drawn from a point P to an ellipse ; 
jBnd the locus of P if x^x^ + y,y^ = 0; (x^, y^), (a?„ yj being 
&e points of contact of the tangents. 

2. If (a?j, y^), (a?„ y^, (a?,, y,) are three points on the 

ellipse -^ + ^ = 1 whose eccentric angles are $, ^ + -«-, 

49r 
fl + -o J shew that 
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(1) ir, + fl?, + a?, = 0. 

(2) yi.+y.+y.«o. 

(3) The sum of the squares of the distances of 
the three points from the origin is constant 
for all values of 6. 

3. Find the locus of a point from which equal tangents 
can be drawn to a central conic. 

4. Find the locus of intersections of tangents at the 
extremities of pairs of conjugate diameters. 

6. Three tangents are drawn to an ellipse. Two ver- 
tices of the triangle, which their intersections form, slide 
on the fixed linos y = ma?-|-c, y = m'a7 + c' respectively; 
shew that the third vertex will slide on the line 

^ (c' - c) +f« {c^rn-^CTri) + m' - w= 0, 

provided that 

a^mm! + 6* = cc\ 

6. The point of intersection, other than the centre of 
the ellipse, of the circles described on two semi-diameters 
at right angles as diameters lies on the circle 

7. Find the locus of a point, such that if normals be 
drawn from it to an ellipse, the sum of the squares of the 
tangents of the inclinations of the normals to the axis 
of ;i; is coiistant. 

See X. 50. 
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8. The circle a:* + y* = r* is touched by a chord of the 

ellipse -1 + rs = 1 > ^^^ ^h® locus of the middle point of 
the chord. 

9. Two similar and similarly situistted conies have a 
common focus and axis. Prove that their common chord 
bisects the distance between their directrices. 

10. If the tangents at points whose eccentric angles are 
a and 13 intersect on the diameter through 7, prove that 
27 — a — ^ is an even multiple of two right angles; if on 
the diameter conjugate to the one through the point y, 
shew that 27 — a — )3 is an odd multiple of two right angles. 

11. If the normals at points a and fi intersect on the 
diameter through the point 7, prove that 

a' tan a tan /Stan — ^ — h6'tan7s«0; 

if on the diameter conjugate to the one through the point 
7, shew that 

tana.tan)3.tan7.tan — ^— =-, . 

12. P, Q, R are points on an ellipse centre G. The 
diameter bisecting QR meets PQ, PR, and the curve in 
Mf N and D respectively. Shew that 

IS. From a given point as centre circles are drawn 
cutting an ellipse. Shew that the locus of the middle 
points of the chords common to both curves passes through 
the feet of the normals drawn from the given point to the 
ellipse. 
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14. Find the locus of the poles of chords which 
subtend a right angle at the point (A., k). 

15. CP, CD are two conjugate diameters of an ellipse; 
on PQ the tangent at P a length PQ is taken such that 
PQ = mCD. Find the locus of Q. 

16. If Plies on 

and eon a?' + y" = V^^^^JT+T^^jsy^ 

and if PQ subtends a right angle at the origin, then PQ 
is of constant length c. • 

17. If be the origin, and if from any point P on 

-5 + ^ = 1 a tangent be drawn to the circle a?-\-y^ = c*, 

the locus of the point of intersection of this tangent with 
the perpendicular to OP at will be the conic 



<?-r.)-^(?-i-)-'- 



18. Two tangents intersect at right angles at P. If x 
be the abscissa of P, shew that the distances of P from 
the foci are 

V2a. (a ± ex). 

19. Tangents are drawn to the ellipse at P and at Q, 
where the normal at P meets the curve again. If {hf Jc) 
be the co-ordinates of P, find the point where the tangents 
intersect. 

20. Find the locus of the point of intersection of the 
tangents in the last example. 
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21. Find in the ellipse the locus of the foot of the 
perpendicular let fall ifom any point on its polar, the locus 
of the point being a diameter. 

22. 8 and 8' are the foci of an ellipse of eccentricity e. 
If 22 be a point on a chord through 8' which divides it 
into segments subtending equal angles at 8, shew that 
the point M will lie on the ellipse 

where c is half the distance between the foci 

23. A circle touches an ellipse at a fixed point P; 
shew that the tangents at the two points where the cirde 
meets the ellipse again intersect on a fixed diameter. 

24. With a given point (a, fi) as centre circles are 
described cutting the ellipse p + Li = ^ > ^^ ^^® points of 

intersection tangents are drawn to the ellipse ; shew that 
they will intersect on the curve 

(a'-6')a^=(a«ay-6'/3^)(^ + ^. 

Explain this result when /9 » 0. 

25. A circle is inscribed in a quadrant of the ellipse 
so as to touch the curve and the axes. If (a?p y^) be the 
point of contact, p the perpendicular on the common 
tangent from the centre of the ellipse, shew that 



1 1 /I. 1\ 
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26. The pole of the chord of ^ + ^ = 1, when the sum 
of the ordinates at its extremities s b, lies on 

when the sum of the abscissse = a, it lies on 

a' i' a 

27. Find the /oci and directrices of 

^+y* — «*(flPC08a+ysino— jp)*. 



XIII. The Parabola referred to the Vertex. 

The co-ordinates of the point (am*, 2am) satisfy the 
equation of the parabola y* = 4aa? ; any point on the para^ 
bola may therefore be thus denoted ; m is found to be the 
cotangent of the inclination of the tangent at the point to 
the axis of a. The advantage of using this notation is pre- 
cisely the same as that attending the use of the eccentric 
angle in the ellipse ; in any elimination it diminishes the 
number of equations by one and enables us to bring in tri- 
gonometrical methods which materially shorten the work. 

The equation of the tangent at any point {am\ 2am) 
becomes my^^w + am*, which explains the value of m 
given above, when put in the form 

1 ^ 
m 



eo KTmrggB vf 



L Find the eqroaftiai of tibe iionnl aft the point 



2L The eqoation of the diori of m ponihola in tenns rf 
its middle point (x» /3). is 

3u Find the locos of the middle points 
(1] of all chords through the veitez, 
(2) of all focal choida. 

4. Find the locos of the middle points cl dioids 
vhidi sabtend a right an^e at the Tntez. 

5. Imd the co-ordinates of the intersection of two 
tangents to a parabola» at points whose ordinates are y^ 
andy^ 

6. Find the area of the trian^e contained by three 
pinnts on a parabola whose co-ordinates are given. 

7. Find the area contained by three tangents to a 
parabola; and shew that this area -is one half of the 
triangle formed by their points of contacts 

8u The area of the triangle formed by two tangents 
Dnorn a point {x^, y^ and its polar is 



9. P and Q sabtend an angle of 45*, firstly at the 
vertex, secondly at the focos. Find the locos of the inter- 
section of the tangents at P and Q in each case. 
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10. Two tangents are drawn from P to the parabola 
y*^4iax. If P|» j>, be the perpendiculars on them from 
the focus S, shew that pj>^ = a . SP, 

11. Three tangents are drawn to a parabola, inter- 
secting in P, Q and E. If |}j, |),, p, be the perpendiculars 
drawn from the focus S on QR, BP, PQ respectively, shew 
that jpj . SP = p, . /SQ =Pj . 8R ; hence prove that a circle 
passing through the intersections of three tangents to a 
parabola, passes through the focus. 

12. Find the equation of the common tangents of 

3aj" + 2y»=:6 

and y' = 4 J2 . x, 

)3. Find the locus of the intersection of tangents 
with the perpendicular let fall on each from the focus. 

14. The part of the polar of a point (w, y) intercepted 
by y^^iax subtends a right angle at the point (A, ft). 
Find the locus of (x, y). What does it become when 
A = -a? 

15. The locu£( of the point, the perpendicular from the 
focus on the polar of which is constant, is a central conic, 
having its centre on the axis of the parabola, where the 
directrix of the same meets it. 

16. Tangents are drawn from to the parabola^ 8 
being the focus. On 08 as diameter a circle is described 
cutting the tangents from in P and Q. Shew tha;t PQ 
is parallel to the directrix. 

17. Through the vertex of a parabola a perpendicular 
is drawn to any tangent meeting it at P and the curve 
again in Q. Shew that AP • J.Q is constant. 
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18. Two tangents to a^ven parabola inteisect in the 
directrix. From the vertex and focus respectively perp^i- 
diculars p^, je),, jp,, p^ are drawn to these ; shew that 

19. The equation of the chord of a parabola, joining* 
the two points where the tangent makes angles a and^^ 
re^ctively with the axis of a:, may be written 

2x 2a 

^ cot a + cot /3 tana + tan)8* 

20. If two tangents be drawn to a parabola making 
complementary angles with the axis, their chord of contact 
must pass through the foot of the directrix. 

21. The intercept of the parabola y* » iax on the 
polar of the point (a?^, yj is 

V(y,»--4ax,)(y,'4-4a«) 
a 

22. If p be the perpendicular from the vertex on a 
focal chord of length I; shew that 



pi = 2a 7** + *^*> 
where k is the ordinate of the intersection of the tangents 
at the extremities of the chord. • 

23. The parabolas y* = ax and a? = 8ay cut at an 
angle tan~^ f , and at right angles at the origin. 

24. A circle is drawn with the focus of a parabola as 
centre and touches the directrix. Find the locus of tibe 
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point whofle polar with respect to the parabola touches the 
orde. 

25. The same circle being drawn as in (24), find the 
locos of the pole, with respect to the circle, of a line 
touching the parabola. 

26. The parabolas ^^isojx, a^^Aiby^ cut at an angle 
whose tangent is 

3a*6* 

2(a* + 6*)' 

27. S is the focus, A the vertex of a parabola which 
is touched at Pand Q by a circle through 8\ shew that 

28. Through the vertex of a parabola two lines arc 
drawn, meeting the curve again in P and Q, and making 
angles a and p with the axis. Shew that the axis divides 
PQ in the ratio cot a : cot ^9. 

29. From a point on the directrix tangents are 
drawn to a parabola touching it at P and Q. The bisector 
of the angle POQ meets PQ in JR; shew that 

OR'OP^OQ' 

30. Half the latus rectum is an arithmetic mean 
between the abscissae at the extremities of the chord of a 
parabola. Shew that the pole of the chord traces out the 
parabola 

y* = 2a (a? + 2a). 

31. Tangents are drawn on the same side of the axis 
from points situated in the same,at distances a, 3a, (7+ WS)^ 
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to the left of the vertex. The sum of the inclinations to 
the axis of any two of these tangents is complementary to 
that of the third. 

32. The triangle which has any chord of a parabola 
for base and its vertex at the vertex of the parabola has an 

area x Vy' — 4flwp, {x, y) being the pole of the chord. 

33. The triangle which has any chord for base and its 

vertex at the focus has an area (a? + a) Vy' — 4aa?, (ar, y) 
being the pole of the chord. 

Hence shew that the pole of a focal chord lies on the 
directrix, which therefore is the locus of the poles of 
chords through the focus. . 

34. If A^^ A,, A, be the areas of triangles having a 
chord of a parabola as base, and the focus, the vertex and 
the pole of the chord respectively as vertices ; shew that 

(A.-A,)» = 2a*A.. 

35. The tangents from a point 0, whose co-ordinates 
are (A, k), meet the tangent at the vertex in P and Q\ 
shew that the lengths OP, OQ are given by 



H 



h ±V^^4aAy) i 



36. Two tangents touch a parabola at P and Q and 
intersect in ; find the locus of if 

(1) 8P+ SQ be constant, 

(2) 8P. SQ be constant, 
8 being the focus. 
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37.. Find the focus and the directrix in each of the 
following parabolas : 

(1) (a?-y)' + 2a;-2y + l = 0, 

(2) (a?-2y)*-4a: + 38y + 49=0, 

(3) (Sx - 2y)V« 94ix + 128y - 309. 

38. Ox, Oy are two lines at right angles. J. is a fixed 
point on Ox^ AP a line parallel to Oy. Through P, any 
point on AP^ draw PQ parallel to Ox^ and on it take Q 
so that POQ is a right angle. Shew that the locus of Q 
is a parabola, and that if PQ meet Oy in N, and T be the 
middle point of OiV, then QT is the tangent at Q. 



Normal Properties, 

39. Normals at the extremities of a focal chord inter- 
sect at right angles. 

40. The locus of the intersection of normals at the 
extremities of the focal chords of the parabola y* = 4aa? 
is the parabola y' = a (a? — 3a). 

41. The area contained by a focal chord making an 
angle a with the axis and the two normals drawn at its 
extremities, is 

4a*cosec'a.. 

42. Find the co-ordinates of the point where the 
normal at the point whose ordinate is y^ meets the curve 
again. 

43. If the normal at P meet the tangent at the 
vertex iix Q and the curye again in B^ shew that the axis 

P. G. 5 
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cuts QR into segments having the ratio of the abscissa 
of P to the semi-latus rectum. 

44. If the normal at P meets the curve again in Q 
and the axis in R, shew that the abscissa of i2 is a 
mean proportional between those of P and Q; and if A 
and k are the ordinates of P and Q that 

hk + 4^. AR = 0. 

45. If the sum of the inclinations to the axis of 
normals from P to the parabola is to, shew that P will lie 
on the straight line 

y cos « + (a? — a) sin 6) = 0. 

46. Find the co-ordinates of the intersection of the 
normals at P and Q, in terms of the co-ordinates of the 
intersection of the tangents at P and Q. 

47. Find the locus of intersection of tangents, 
when the normals at their points of contact intersect on 
the tangent at the vertex. 

48. The normal at P meets the parabola again in Q ; 
shew that the locus of intersection of the tangents at 
P and Q is the curve 

(a?+2a)y* + 4a' = 0. 

49. A chord AB is drawn perpendicular to the axis, 
[f the tangent at A meets the normal at .8 in P^ shew 
that P satisfies the equation 

f (a - xY + {y* - 2a (a? -a)} {y*- 2a? (a?-a)} = 0. 

Why is this equation satisfied by the co-ordinates of the 
vertex and of the focus of the parabola ? . 
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50. The axis of the parabola, the normal at the point 
(^19 ^i)' ^^^ ^^^ straight lines 

X a?/ 

form a quadrilateral which is inscribable in a circle. 

51. The locus of the point from which three normals 
can be drawn to a parabola, the product of the cosines 
of the inclinations to the axis being constant, is a circle 
having the focus as centre. 

52. If normals from P meet a parabola in if, N^ Q, 
the algebraical sum of the ordinates at these points is 
zero. 

53. If normals be drawn from a given point to 
a parabola, the circle which passes through the points 
where they meet the curve passes also through the 
vertex. 

54<. OAf OB are two tangents to a parabola which 
intersect on the directrix. Through B draw a normal EG 
parallel to OA meeting the curve again in G\ shew that 
BG^WA. 

55. The equation of the parabola y' = 4aaj, referred to 
the tangent and normal of the point as axes, at which the 
tangent makes an angle cot"^ m with the axis, becomes 

{os + myy + 8a (1 + m^^y^ 0. 

6—2 
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56. The equation of the circle described on a focal 
chord as diameter is 

where 2am is the ordinate of one extremity. 

57. A circle is described on a focal chord as diameter ; 
if y^ be the ordinate of its centre, the ordinates of the 
remaining points of intersection of the circle with the 
parabola are given by 

y'+2ayy,H-12a" = 0. 

58. Find the straight lines which are cut at right 
angles by each of the curves 

a? + 2f = 54a». 

59. If A, BfChe points on a parabola the normals at 
which meet at a point P ; shew that 

(1) 1{ SA + SB + 8C^^ 3a, the point P lies on 
the directrix. 

(2) If 8A.SB.SC = if', the point P lies on a 
circle having the focus as centre. 

(3) If SB is the arithmetic mean between SA and 
SC, the locus of P will be the curve 

ay 



Fm-»- 
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XIV. The Parabola referred to two Tangents as 

Axes. 

[The tomgents are assumed to be at right angles unless 
the contrary is stated.] 

The equation 

a* ab V a b 

represents a parabola since the highest terms are a perfect 
square. By putting ysO we obtain two equal values 
^ ss a ; by putting a? s= we have similarly y = 6; therefore 
the axes touch the parabola at distances a and b from 
their point of intersection. 

The curve represented is therefore a parabola referred 
to tangents of length a and b as axes. 

If a/ - + ^ h~^ ^® rationalized by squaring, the 

result will be found identical with the £rst equation, and 
in the following examples either form may be used as 
may be most convenient. 

In a/ - 4- a/ r = 1 if we put « = a cos* 0,y^b sin* 0, 

we see that x and y satisfy the equation ; any point on the 
curve may therefore be denoted by (a cos* 6, b sin* 0). 

When two tangents of a parabola intersect at right 
angles their intersection lies on the directrix, their chord 
of contact passes through the focus, and is perpendicular 
to the line joining the focus to the point of intersection. 
These properties will be found useful in what follows. 
For example : To find the co-ordinates of the focus. 
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The focus is the intersection of the chord of contact 
? + ^ = 1 with the perpendicular to it through the ongin 

Y- — ^ = 0. Solving, we find the focus to be 
a 

( aV a*b \ 

U + 6"* '^^TVJ* 

1. Find the equation of the axis of the parabola re- 
ferred to two tangents of lengths a and b as axes. 

2. Find the equation of the directrix, and the co- 
ordinates of the foot of the directrix. 

3. Find the co-ordinates of the vertex^ 

4. Find the parameter of the parabola. 

5. If h and k be the lengths of two tangents to a 
parabola, at right angles to one another, and 4a the para- 
meter, shew that 



.« "^ 7Ji "" 



6. A parabola touches a given line AB at B, and A is 
a given point on the directrix. Find the locus of the 
focus. 

7* Tangents OP, OP' from a point in the directrix, 
meet the axis of the parabola in Q and Qf; shew that 
QQ.PF^^OP'-OF'. 

Explain the case where OP = OP. 

8. Tangents OP, OP' are drawn from a point in the 
directrix, the normals at P and P" meet the axis in Q and 

Of ; shew that 

20 P OP' 
{P(y + P^Q1^= p^^ . 
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9. From a point on the directrix, a tangent OP is 
drawn to a parabola; the normal at P meets the axis in 
Q and the curve again in B; shew that 

1 16 8 



OF'^PJS? PR.PQ' 

10. The condition that the line 

should touch the parabola 

h k 
IS _ + - = !. 

a 

11. The circle circumscribing the triangle formed by 
two tangents at right angles and T + f = l will pass 
through the focus if this last line touches the parabola. 

12. A parabola touches two fixed straight lines AB, 
AG a,t right angles at B and C; AB -y AC being constant, 
find the locus of the focus. 

13. Parabolas are described touching two straight 
lines at right angles to one another. If the chords joining 
the points of contact in each case are parallel, the locus of 
the vertices of the parabolas is a straight line. 

14. Parabolas touch two fixed straight lines at right 
angles to one another. The chord joining the points of 
contact in each case always passes through the fixed point 
(A, k). Shew that the locus of the focus is a circle, passing 
through (Ji, k). 
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15. Find in (14) the locus of the vertex. 

16. In the paxabola 

referred to two tangents inclined to one another at an 
angle co, the co-ordinates of the focus are given by 

^"^^"a»4.6'+2a6cos6)' 

17. The directrix is given by 

a? (a + J cos «) + y (6 + a cos 0)) = oi cos tt). 

18. Given the point of contact of oiie of two fixed 
tangents to a parabola, shew that the focus describes a 
circle passing through the intersection of the tangents, and 
touching one of them. 

19. Establish (11) when the tangents are inclined at 
an angle o). 

20. If two tangents OP, OP' meet the directrix in Q 
and Q^ respectively, shew that 

21. If ^^ be the intercept on the directrix of tan- 
gents of lengths a and b respectively and inclined at an 
angle (a, shew that 

^^, ah . sincDCosQ) r « . rt . o i. u 

QQ =7— rx— r-TTTT ^ . {a* + o* + 2a6cosa)*. 

(a + 6 cos ©) (6 + a cos ©) ^ ' 
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XV. The Parabola, referred to Polar Co-ordinates, 

THE Vertex being the Pole. 

The polar equation of the parabola referred to the 
vertex as pole and the axis as initial line is 

r8in*d = 4aco8^. 
This follows from substitution in the equation y* = 4aa?. 

1. The equation of the chord joining two points 0^, 0^ 
on the parabola 

_ 4a cos d 

4a 
is — = (tan 0^ + tan dj sin ^ — tan 0^ tan 0^ cos 0. 

Deduce the equation of the tangent at the point 0^ ; yiz. 

— = 2 tan^, sin ^- tan* 0^ cos 0. 
r * * 

2. The tangent at any point intersects the perpen- 
dicular upon it from the vertex in the curve 

rcos^ + asin*^ = 0. 

3. The locus of the intersection of the tangent at any 
point, with the perpendicular to the radius vector from the 
vertex to the point of contact is the curve 

r cos d ( 1 + sin* tf ) + 4o sin» 5 = 0. 

4. Two radii vectores AP, AQ are drawn at right 
angles through the vertex ; E is the middle point of PQ. 
If 0^ and 0^ be the angles which AP and AR respectively 
make with the axis of the parabola, shew that 

tan* dj « tan (^, - ^,). 
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5. Two radii yectores r^, r^ are drawn at right angles 
through the vertex, r is the length of the chord joining 
their extremities. Shew that 



r,r* 



where p is the parameter of the parabola. 



XVI. The Parabola referred to the Focus as 
Pole and the Axis as Initl^ Line. 

The equation to the parabola in this form is 

— = 1 + cos ^ ; 
r 

of the tangent at the point a, 

— = cos 5 + cos {0 — a), 

which can be obtained from the equation corresponding to 
it in the ellipse, by putting 6 = 1. 

1. Tangents at the extremities of a focal chord PP^ 
of a parabola meet the axis in Q and Q^ ; shew that 

8P-SP'=^QQ\ 

2. Find the length of the radius vector of the point 
of intersection of tangents whose points of contact are 

3. The tangents at the points a + 13, a — )9 being 
drawn, find the polar equation of the circle described on 
the line joining their intersection to the focus as diameter. 
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4. If the circle pass through an extremity of the 
latus rectum the intercept which it makes on the axis will 
be 2a cot a. 

• 

5. Find the locus of the intersection of tangents to a 

parabola 

(1) when the sum, 

{2) when the product of the focal distances of 
the points of contact is given. 

G. The equation of the normal at a to the parabola is 



- « cot ^ . cos 

T £i 



|.sin(^-|). 



7. Shew that the angular co-ordinate of the point of 
intersection of normals at the extremities of a focal chord 
making an angle a with the axis is given by the equation 

tan(5-|)+tan»| = 0. 

8. If tangents be drawn from a point on the latus 
rectum and P, P' be the points of contact ; shew that half 
the latus rectum is a harmonic mean between 8F and jSP'. 

9. Tangents are drawn from a point on the latus 
rectum, their chord of contact subtending an angle 2a at 
the focus ; find their lengths. 

10. If I and V be the lengths found in the last 
example^ shew that 

11. Two parabolas having the same focus, and axes 
inclined at an angle a, intersect. How many real points of 
intersection are there ? Trace the curves for various values 
of a between and tt. 
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12. The angular co-ordinates /3 and 7 of the points of 
contact of the common tangents to two confocal parabolas 
of latera recta 4a, 46, with the axis of the second inclined 
at an angle a to that of the first, are given by 

a __ 1 + cos ^ _ sin )8 
b cos a + cos 7 "" sin 7 — sin a ' 

13. Shew that the common tangent to the parabolas 
in (12) is represented by the equation 

a* — 2a6 cos a -h 6' , • //i . \ r • /ii • 
= {asm (^ + a) — 6 sin 0} sm cc 

Explain the result when a «= 0. 

14. Two confocal parabolas have their axes in op- 
posite directions; shew that the tangents to each curve 
at the points of intersection make complementary angles 
with the direction of the axis. 

15. Find the locus of the point of intersection of the 
normal at any point with the circle described on the radius 
vector to the point as diameter, the focus being the pole. 

16. The point of intersection of the perpendicular to 
8P at S with the normal at P lies on the locus 



r-ataii(2-j)sec«(2-5). 



17. PT^ a tangent at P, meets the axis in T, Find 
the locus of the centre of the circle inscribed in the triangle 
8PT. 

18. If the bisector of the angle PTS in (17) meet 
8P in M, find the locus of M. 
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19. If from any point on the conic 

r(^-8in«^) = 2aco8^ 

tangents be drawn to the parabola 

— ft= 1 + cos ^, 
r 

touching at P and JP, shew that c is a harmonic mean 
between SP and 8P. 

20. Shew that pairs of tangents to a parabola whose 
points of contact subtend a constant angle at the focus 
intersect on a confocal conic. 

21. AB is a stretched, inelastic string passing through 
a ring At 8; B moves along a fixed line through S, A 
always lies in the perpendicular drawn to tlie fixed line 
through B. Find the locus of A. 

22. Tangents at the points a + /8, a — /8 to the para- 
bola — « 1 + cos ^ intersect on a confocal coaxal parabola; 

shew that its latus rectum is 

1 + cos ot 



4a . 



cos a + cos ^ * 



23. Tangents from a point to a parabola are of lengths 
l^ and Z,; if their chord of contact subtends a constant 
angle 23 at the focus, shew that 

V + V-27XcoBa=:^-i-?..sin*a. 

a* 
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XVIL The Hyperbola referred to the Centre 

AS Origin. 

1. The equation of the tangent reduces to the form 
X cos a + y sin a =p, if |) = Va* cos' a — i* sin" a. 

2. The locus of the intersection of tangents which 
cut at right angles is the circle 

Note. The eccentric notation for the hyperbola is 

A? = a seed, y = 6tanft 

3. The equation of the chord joining two points 
and ^ on the hyperbola is 

_cos-y-|.sin^ = cos-2^, 
the tangent at the point is 



-secd-f tand = L 
a 



4. Find the co-ordinates of the point of intersection 
of the tangents at points a and /3 on the hyperbola. 

5. Find the equation of a chord of the hyperbola in 
terms of its middle point (ps^, yj. 
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6. Prove that the equations of the common tangents 
to the hyperbolas 






^ -^ + *" = l 



are « ± y = Va* - i*. 

7. Find the locus of the point of intersection of the 
tangent at any point with the perpendicular on it 

(1) from the centre, 

(2) from a focus. 

8. The product of the perpendiculars from two fixed 
points on a hyperbola on any tangent is in a constant 
ratio to the square of the perpendicular on it from the 
point of intersection of the tangents at those points. 

9. In an equilateral hyperbola of transverse semi-axis 
A C and centre (7, the angle between CP and the tangent 
at any point P is 

sm (^^j. 

10. A straight line touches a circle passing through 
the foci and having its centre at the centre of the hyper- 
bola. Find the locus of its pole with respect to the latter 
curve. 

11. From the centre (7 of an equilateral hyperbola a 
perpendicular CP is drawn on the tangent at ieuiy point. 
The perpendicular meets the curve again at P^ 

Shew that CP . CP^ == a\ where a is half the transverse 
axia 
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12. In the case of the ordinary hyperbola with semi- 
axes a and b, shew that the relation in (11) is 

13. Find the common tangents to the curves 

«?-12j^ = 24a». 

14. The line 

P 
^ m 

will touch the parabola t^ &= 4px, and the hyperbola 

a' V" ' 
provided that 

15. A point P on an equilateral hyperbola being 
joined to the foci 8 and 8', the centre being (7, shew that 
the difference of the angles P88' and P8'8 is double the 
angle between GPand 88\ 

IG. The chord of an equilateral hyperbola touches the 
auxiliary circle at Q. If the co-ordinates of P, the middle 
point of the chord, be {x^, y^), shew that 

sinCPO=: / , . 

17. In a hyperbola if a circle be described with a 
focus as centre, and half the minor axis as radiusi, shew 
that the polar of any point on the hyperbola with respect 
to this circle will touch the auxiliary circle. ^ 
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18. Shew that the equation of the normal assumes 
the form xcosa-^y Bin a=^p if 

_ (a* + &*) sin-a cos a 
Va* sin" a — 6" cos* a 
Explain the Talue o{p when 

a = tan - • 
a 

19. The perpendicular from the centre on a normal 
to -1 — ^ = 1 meets it in P. If P lies on the hyperbola 

^ — i = 1, shew that 

m GN_a h 

• where PN is the ordinate of P. 

20. Find the equation of the normal in terms of the 
eccentric angle 0. 

21. Shew that the sum of the eccentric angles at 
the points where normals from a given point meet the 
hyperbola is an odd multiple of two right angles. . 

22. The perpendicular from the centre on any normal 
to an equilateral hyperbola does not meet the curve in real 
points. 

23. Two straight lines intersect at 0; from a fixed 
point A in one, a perpendicular AC ia drawn on the other ; 
DB is a perpendicular from any point D in CO on OA. 
Shew that the intersection of AD and BC is a rectangular 
hyperbola. 

24. If the focus of an hyperbola be the centre of a 
circle with radius equal to the semi-axis minor, the circle 

D. G. 6 
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will touch the asymptotes where the directrix meets 
them. 

25. Two points A and B ard fixed. From A. a 
perpendicular AP is drawn on the polar of B with respect 
to an equilateral hyperbola, centre G; from B a similar 
perpendicular BQ is drawn on the polar of A. Shew that 

AP.BC^BQ.AC. 

26. From a given point normals are drawn to 

Shew that the tangents of their inclinations to the axis of 
X are given by 

+ m . 2a^xy — ay = 0. 

27. Find the locus of a point, such that the sum of 
the squares of the tangents of the inclinations to the axis 
of X of the four normals from that point to the hyperbola 

-« — ^ s^ 1 is constant. 

28. PQ is a chord of an equilateral hyperbola normal 
at P, (7 is the centre; shew that 

PQ'-^CQ'+SCP'. 

29. PH'P* is a double ordinate to an ellipse whose 
vertices are A and A\ AP and A'P' intersect in Q, 
Find the locus of Q. 

30. The tangent to 

y(t/-x)^x{x-a) 
at one of the points of intersection of the conic with the 
axis of X, is parallel to one of the chords of intersection 
with the parabola y* + oo; =s 0« . 
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XYIIL The Hyperbola befebbed to its Asymptotes 

AS Axes. 

The equation of tbe hyperbola in this form is 

where a and b are the semi-axes. When the axes are 
rectangular, the hyperbola is rectangular, a'^b, and the 

equation becomes osy=^-^. 

1. A straight line moves so as to cut off a ccoistant 
area from two intersecting lines; shew that the middle 
point of this line will trace out a hyperbola of which the 
two intersecting lines are the asymptotes. 

2. Find the co-ordinates of the intersection of 

(1) the tangents, 

(2) the normals, 

at (ajj, yj (a?,, yj to ay = A;". 

3. A parabola has one of the asymptotes of a rect- 
angular hyperbola as axis, the other as tangent at the ver- 
tex. Find the locus of the poles, with respect to the 
hyperbola, of tangents to the parabola, the latus rectum of 

the latter being equal to 2 Vl times the transverse axis of 
the former. 

4. The equation of the chord in terms of its middle 
point (a, ff) may be written 

6—2 
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5. A tangent to the parabola 

cuts the hyperbola aijy » c" in two points P and Q, The 
locus of the middle point of FQ is the hyperbola 

2y(a?-y)=aa?. 

6. Chords of ay ^^ If are dra¥m through (a, fi) and 
bisected there. Shew that the point of intersection of the 
tangents at P and Q lies on another hyperbola haying the 
same asymptotes. 

7. If two fixed points P, Q on a hyperbola be joined 
to any variable point R on the same^ the portions which 
the lines PB, QR intercept on each asymptote are constant. 

8. If normals be drawn to -5 + ^ " 1> fro"^ ^ point 

V a» ^' V ^r 

these normals will meet the curve where an equilateral 
hyperbola meets it, whose centre is at (-* A, &) and whose 
asymptotes are parallel to the axes. 

9. Any fixed point in the line that cuts off a constant 
area firom two other lines traces out a hyperbola, of which 
these lines are asymptotes. 

10. The asymptotes of a hyperbola touch a parabola 
at A and B respectively. The pole, with respect to the 
hyperbola, of any tangent to the parabola will lie on a 
straight line through the middle points of CA and CB^ 
where C is the point of intersection of the asymptotes. 
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11. Two straight lines OP, OQ intersect in 0. PQ 
is any straight line passing through a fixed point R. If 
on PQ or on PQ produced P'Q is taken equal to m,PQ, 
shew that the locus of P' is a hyperbola^ with its asymp- 
totes parallel to the two fixed lines. 

12. A circle touches two straight lines intersect- 
ing at (7. A variable tangent to the circle meets the 
lines in A and B. If the perimeter of ABO be constant, 
shew that any pointy dividing AP in a given ratio, traces 
out a hyperbola, of which GA and OB are the asymp- 
totes. 

13. Shew that the co-ordinates of the foci of 

are found from the eqilations 

^ = 2^ = ±-2^- 



XTX. The Hyperbola referred to Polar Co-ordi- 
nates, THE Focus BEING THE FOLE. 

The equation of the curve is - = 1 + 6 cos ^, where e is 

greater than unity. The equations of the tangent and 
normal can be found in precisely the same way as for 
the ellipse. 
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To find ihe asymptotes of - = l + ecoB$. 

The asymptotes are straight lines which touch the 
curve at infinity; making r infinite we obtain finom 



cos 






the angular co-ordinates of the points of contact. 

I 

Substituting in - — 6 cos ^ + cos (^ — 0^ the values of 

0^ just found, the equations of the asymptotes are obtained 
in the form 

e _ coQ0 sing 

r a b * 

1. The angle between the asymptotes is 

-,2-6' 

cos — T— . 

2. A focal radius vector meets the asymptote 

6 _ cos g sin g 
r"" a b 

in P and the straight line 

a 

in Q. On PQ, R is taken so that 8R is a harmonic mean 
between 8P and 8Q. Find the locus of R. 

3. If the Unes joining P, a point on an asymptote, 
to the foci 8 and 8' be at right angles, shew that the angle 

PiSS- = J tan- ( ± ^) ; 
8 being the pole. 
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4. Any focal radiui vector meets an asymptote in P ; 
take Q so tliat 

(1) PQ^k 

(2) 8P . 8Q = V where A; is a constant, 

and find the locus of Qin each case* 

5. If 8P be drawn through the focus parallel to an 
asymptote, meeting the curve in P, shew that its length is 
one fourth of the latus rectum. 

6. In the last example, if d be the angle between 8P 
and the normal at P, and ^ the angle between th^ asymp- 
totes, shew that 

tan = ^ tan ? . 

7. A parabola and a hyperbola have a focus in com- 
mon €md the other focus of the hyperbola lies on the axis 
of the parabola. Find the condition that an asymptote 
of the latter curve should touch the former ; and find the 
co-ordinates of the point of contact. 

8. Two points P and P' on an asymptote subtend a 
right angle at a focus 8. Shew that 

9. A radius vector, drawn from the focus to the point 
whose angular co-ordinate is a, subtends right angles at 
points on the asymptotes, whose angular co-ordinates are 
given by the equation in 

cos a — cos)8 = sin)8 cos (a — 0) sin (fi ? 0), 

where ^3 is the half angle between the asymptotes. 
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10. The perpendicular from a focus £f on an asymp^ 
tote meets the curve in P and F ; shew that 



where I is the semi-latus rectum. . 

n. AEG is a right-angled triangle on a constant 
hypothenuse AB. Find the locus of a point P in BGy at 
a vertical distance 

AG.BC. jJjBlH- fiAG .BCP^k.AG.AB 

AB{AB'\'fiBC) 

below C, k and fi being constants. 
12. A chord PQ of the hyperbola 

I r- 

- = l + iy2cosd 

V 

subtends a right angle at the focus S ; shew that the centre 
of the circle inscribed in 8PQ describes the curve 

2 



^ = cos2(^l + 72cos2J. 



XX. The General Equation of the Second Degree. 

The equation which will be used is the same as in 
SaJmovis Conic Sections : 

aa? + 2kxy + 6y* + 25ra? + 2/y 4c = 0. 

The axes are assumed rectangular unless the contrary 
is stated. 
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1. Find the conditions that the general equation of 
the second degree may represent 

(1) a circle, 

(2) a parabola, 

(3) an equilateral hyperbola. 

2. Shew that the centre of the conic given by an 
equation in the general form is found from the intersec- 
tion of 

Explain the values of the co-ordinates of the centre when 

Note. Let be the origin and let the axes cut the 
conic in AA\ BB respectively, and be inclined at any 
angle. 

Then in the conic 

cw?"+ 2A^ + 5^ + 2flfa? + 2j^ + c = 0, 
putting a; 3s 0, we obtain 

putting y = 0, we have 

a 
AO.OA' a 



• • 



BO. OB'b* 



but neither a nor h are altered by the axes being moved 
parallel to themselves ; hence we obtain the theorem : that 
if through any point straight lines are drawn meeting 
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the oomc in AA\ BB respectively^ then win the ratio 

AO . OA' 
BO. OB 

be independent of the position of O^bo long as the direc- 
tions of the transversals remain the sama 

It follows therefore, if CP and CD be aemi-diaxneters 
parallel to the transversals, that 

AO.OA ' _0I^ 
BO. OB' Cjy ' 

3. If fonr points on a conic lie on a circle the lines 
joining them in pairs will be equally inclined to the axis 
of the conic. 

4. All conies circumscribing a quadrilateral will have 
parallel axes, if the quadrilateral is inscribable in a drde. 

5. Apply the preceding note to prove the following. 
If QQ^, any chord of a parabola, be bisected by its diameter 
PF at V, then wiU Q7"= 4/SfP.PF, 8 being the focus. 

6. The eccentricity 6 of a conic, expressed by the 
general equation, is given by 

e\ _ (« + &)« . 

7. If the angle between the axes is to, the eccentricity 

is given by 

e* _ (g + 6 — 2Acos aif _ . 

1 — e* (aft — A*) sin* a> 

8. Find the locus of the point, the perpendicular from 
the origin on the polar of which is of constant length ; the 
conic being represented by the general equation. 
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9. A tangent is drawn to a fixed circle, and its pole 
yniii respect to another fixed circle is taken ; shew that the 
locus of this pole is a conic section, 

10. Find the condition that the two circles 

a? + ff* + 2ax + 2by + c = 0, 
a? + i^ + 2bx-2ay + d^0, 
should cut orthogonally. 

11. Find the locus of the centre of a circle which cuts 
two given circles orthogonally. 

12. Find the length of the intercept cut off on 

xcosa + y sin a ^p = 
by of + y' + 2gx + 2fy + c = 0. 

13. Find the condition that the intercept on the 
chord a? cos a + y sin a ^p, of the circle aj* +y* = 2rx should 
subtend a right angle at the point {r (1 + m), r (1 — m")*} ; 
where m is a proper fraction. 

14. Shew that the condition that the intercept on 

X cos a + y sin a =^p 

made by the circle in (12) should subtend a right angle at 

the origin is 

ft 
p* +p (g cos a +/sin a) + « = 0. 

15. Find the locus of the middle point of the chord 
in the last example, and shew that this locus is identical 
with that described by the foot <rf the perpendicular let 
fidl from the origin on the chord. 
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16. Find the condition that hc + my^l should touch 
the parabola 

(cm?- 6y)«- 2 (a* + 6") (oo? + by) + (a« + 67=* 0, 

and shew, that if this line meets the axes in P and Q, then 
PQ will subtend a right angle at the point {a, b) when 
the line touches. 

17. The conic ay' + bay +af^7x meets the axis of x 
in A, and the lines x±y = in F and Q respectively. 
Find a and 6 so that AP may be parallel to the axis of y, 
and AQ may make an angle of 45° with it. 

18. Shew that the conditions that the conies 

oo?' + 2Aa?y + 6y*= 1, 
aV + 2t'ajy + 6y=l, 

should cut at right angles are 

aa' + hh' _ h{a' + b')'¥h! (a + b) ^ W + hh: 
a-.a' " 2(A-A') 6-6' ' 

Explain this result when the conies become concentric. 

Note. If Zj = 0, Z, = 0, Z3 = 0, Z^ = be the equations of 
four straight lines; Z^ = standing for y = m^x + Cj, &c. ; the 
equation of a conic passing through their four points of 
intersection taken in order is of the form IJ^ = klj^ ; for 
this is of the second degree and is satisfied by any pair of 
values obtained by taking l^=^0, Z,= 0, for instance: k 
being an undetermined constant, the conic can fulfil one 
more condition. 

19. A straight line cuts off intercepts OA and OB on 
the axes, of lengths a and 6 respectively. On OA a 
length c is taken and a parallel CD drawn to AB through 
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its extremity. Find tliQ equation of the conic circuin* 
scribing ABGD and passing in addition through the point 
(6 — a + c, 6). 

20. Find the lo us of the centres of conies circum* 
scribing the quadrilateral ABGD, where OAB is a given 
triangle, and CD any parallel to the base. 

21. Find the locus of the centres of conies touching 
the axes of x and y where y = mx + c meets them. 

22. Two lines cut off intercepts a and h, a' and V 
respectively, from rectangular axes. The condition, that 
all the conies circumscribing the quadrilateral they 
form with the axes should be equilateral hyperbolas, 
is aa'+66' = 0. 

23. If the axes in the last example be oblique, find 
the value of the constant k (see note p. 92), which will 
make the circumscribing conic an equilateral hyperbola. 

24. Find the locus of the centres of equilateral 
hyperbolas circumscribing the quadrilateral, formed by the 

lines - + T == li -/ + £7 = 1> with rectangular axes. 

25. Find the locus of the centres of the equilateral 
hyperbolas that can be circumscribed about a given right- 
angled triangle. 

26. Find the area of the conic 

CUB* + 2hxy + 6y' = c, 

27. Find the area of the conic 

aa^ + Zhxy-k-h^ + igx + ify + c^O. 

28. If j1 be the area of a conic whose equation is ex- 
pressed in its general form, A the area of the triangle cut 
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off from the two principal diameters by the polar of the 
origin, shew that 

^ ~ (A/- hg) {gh - a/) ' W) ' 
29. The equation of the directrix of the parabola 

'^ ^^ 2(fig-af) * 

and the oo<K»diDates of the fod are 






where c(a'+^-g*-/' 

rectangular axes being used. 

80. Shew that the equation of the tangent at the 
vertex of the parabola 

a* ab b^ a b 

referred to rectangular axes is 

a y _ db 

31. Given a focus, a tangent, and the eccentricity 
of a conic, shew that the locus of the other focus is a 
circle. 

32. Shew that the locus of the middle points of 
straight lines, of given length, terminated by two given 
straight lines, is an ellipse. 
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XXL Abbidqed Notation. 

The general equation of the second degree in Tri- 
linear co-ordinates is 

-4a» + JJ/S* + (V + 2i^^y + 2 G^a + 2fla)8 = 0. 

From this equation, by giving certain values, zero among 
the number, to the constants, we can deduce the follow- 
ing special cases which are important. 

(I) ay =s k/SS, 

where 8 is a straight line whose equation is of the form 
Ij + mfi + wy^O, 

(ll) a7=fc^. 

(in) Ifiy + mya + nafi = 0. 

(iv) Jla + Jm^ + Jn^-O, 

■ 

or, as it may be written in an expanded form, 

Pa* 4- m'/S" + nV - 2Zmai8 - 2/1171/87 - 2hvy2==0. 
(V) Pa"±m*/8"±wy = 0. 

L ay = kfiS is satisfied when a = 0, 13 = 0; its locus 
therefore passes through the intersection of the lines a s 0, 
/3 = 0. Similarly it can be shewn to pass through the 
remaining intersections of a = 0, /8 = 0, 7 = 0, 8 = 0, taken 
in order ; and it is of the second degree, it is therefore a 
conic, circumscribing the quadrilateral formed by these 
four lines. 

IL In 07 = 4/8* putting a = 0, we obtain two equal 
values from iS'^O, which shews that a = touches the 
conic where /3 » meets it ; so 7 = touches the conic 
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where ^ = meets it; this form therefore denotes the 
conic of which two sides of the triangle of reference are 
tangents, while the third is their chord of contact. 

UL Ifiy + mya + na/8 = is satisfied when a = 0, 
/8 « ; its locus therefore passes through the vertex (a, /3) 
of the triangle of reference. Similarly it may be shewn 
to pass through the two other vertices ; it is therefore a 
conic, circumscribing the triangle of reference. 

iv. Writing the equation of the conic in the form 
(fa - m)8)* « Tvy (2Za + 2w)8 - 717), 
we see that it reduces to form ii,; therefore 

7=0, 2Za + 2w/8 = n7 

touch the conic where l%^mP meets it. The above 
equation therefore represents a conic inscribed in the 
triangle of reference, since a = and /3 = can be proved 
to be tangents in a similar way. 

Note. It is important to remember that la, -r- mfi = 
and two similar equations, are the lines joining the 
vertices, to the opposite points of contact. 

V. Take the equation in the form nV = ^^ — in")8* ; 
this shews that 7 = is the polar of the point of inter- 
section of, the lines h. + m)8 = 0; but this point of inter- 
section is the vertex opposite to 7 = 0. Similar reasoning 
holds for a = and for )S = 0. The triangle of reference is 
therefore self-conjugate with respect to the conic, ex- 
pressed in this form. 

The following method of finding the chord and tangent 
can be applied to any of the cases. 
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To find the equafcion of the chord joining the points 
{«i» Pxy %)> («t» ^f » 7«) o^ tlie conic 

lJ3y + fjyyoL + nafi = 0. 

i08-/SJ(7-7.)-hm(7-7,)(a-.aJ+n(a-a,)(^-/8J 

= Ifiy + my 7. + nafi 

represents a straight line since it is of the first degree ; but 
it is satisfied if for a, /8, 7 we put o^, )8j, 7^, or a,, /8,, 7,; 
it is therefore a straight line, joining the two points 

(«i. fiv 7iX (a„ ^,> 7.)- 

To obtain Che tangent at (Oji /3j, 7^) put «, = «!, fi^^fit, 
7, = 7j in the equation of the chord ; when we have 

i087i + 7/3J+m(7a, + a7j+n(a/3, + /3a^ = O. 

JTofe. It is easily seen that the equation of the tan- 
gent at the vertex A is nl3 + fny=0, and similar equations 
hold for the tangents at the other vertices. 

1. To find the equation of the circle circumscribing 
the triangle of reference. 

• 2. Find the equation of the circle inscribed in the 
triangle of reference. 

3. Find the equation of the ellipse touching at the 
middle points of the sides of the triangle of reference. 

4. Find the equation of the conies touching the sides 
of the triangle of reference at the points 

(1) where the bisectors of the angles meet the 
opposite sideS| 

(2) where the perpendiculars from the vertices meet 
the opposite sides. 

P. a 7 
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5. Find the equation of the circle, with respect to 
which the triangle of reference is self-conjugate, 

6. Shew how to find the equation of the circle de- 
scribed on the line joining (a^, ^8^, 7^), (a,, /S,, 7,) as dia- 
meter ; and apply the method to find that of the circle 
described on the side AB oi the triangle of reference as 
diameter. 

7. The tangents at the vertices to the circle circum- 
scribing the triangle of reference meet the opposite sides 
in points which lie on the straight line 

a b c 

8. Shew that the equation of every circle may be 
written in the form 

(a)87 + 67a + ca/S) = (aa + 6/8 + C7) (Za + m^ + 717). 

Hence shew how to find the equation of the radical axis 
of two circles. 

9. Find the equation of the radical axis of the circles 

a/3 = 7 (7 cos (7— a cos -4-/8 cos -B), 
/87 = a (acos J.— )8cos-B — 7C0S C). 

10. The circle described on AB as diameter cuts CA 
in D, GB in F, Shew that the equation of the circle 
circumscribing the triangle CDF is 

oafi = (aa -f 6/8) (a cos -4 + /3 cos jB — 7 cos C), 

V Prove that this circle passes through the centre of 
perpendiculars of the triangle ABG^ 
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11. If {a, fi, y) be the co-ordinates of the centre of 
the circumscribing circle, shew that 

afiy + 67a + ca/3 = ^abc, 

12. Shew that the equation of the tangent at any 
point of the circumscribing circle is of the form 

\c aj a \a 0/ 

where varies from point to point. 

13. A variable tangent to the circle circumscribing 
the triangle of reference meets the tangents at the vertices 
B and G in (a^, ^^, 7^), (7,, /3^ 7J respectively ; shew that 

6- "^ c- "^ ho ~ • 

If the variable tangent meets the tangent at A in 
(«»» Pp 7b)> s^^w that 

«A7i 

Note. The two points on the line of centres where the 
common tangents to two circles intersect, are called the 
centres of similitude of the two circles. 

14. With the vertices A, B, C o{ the triangle of 
reference as centres, circles of radii r^, r,, r, are described. 
Shew that the equations of the lines joining two centres 
of similitude of the three circles are given by 

rfii ± rj)^ ± rjcy = 0. 

15. The six centres of similitude of three circles li) 
three by three upon four straight lines. 

7-2 
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16. Shew that the equation of the nine-point circle 
of the triangle of reference is of the form 

i^7 = (6^ + oy — aa) (acos-4. — ^ScosS — 7COS C), 

and determine k. 

17. Shew that the equation of the nine-point circle is 

(aySy + byi + afi) = (aa + 6)8-h C7) (acos^-h^cosJ+7C08C7), 

2 

18. Find the conditions that the nine-point circle 
may coincide with the inscribed circle of the triangle. 

19. Let 5i = 0, S, = 0, 8^ = be the equations of 
three circles which touch each other mutually, then if l^ 

A 




be the length of the common tangent of 8^ and 8^, and 
if /, and l^ are similar lengths, the equation of the circle 
touching 8^, 8^ and 8^ is 
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Let A, B, C he the centres of £fj, S^, 8^; let r^, r,, r, 
be their radii. Take the centre of the circle required, 
and join OA, OB, OG. 

Let A'B'C. be the triangle formed by the common 
tangents of the circle, and of 8^, 8^, 8^ respectively. Then 
taking A!B!(j as triangle of reference, the equation of the 
circle required, being the inscribed circle of A'B>(T, is 

V(l + cos^> + ^/(l-fcos£')^ + 7(1 + cos C) 7 = 0, 
or 

J\\ - cos BOC) a + 7(1 - cos GOAf^ + J{l-co8A0B)y 

= (1). 

Now by (IX. 1) 8,-=20A.a ] 

8,^20B .fi I (2), 

8, = 20G .7 J 
and 

1-cosi^uo- -^qbJjg — 2oF:oa" ^•^'' 



20B.0G' 
and two similar equations. 

Substituting from (3) and (2) in (1) we obtain 

the equation of the circle required. 

This method of proof is due to Mr J, Griffiths, M.A., 
Fellow of Jesus College, Oxford. 

20. A conic touching the sides of the triangle of 
reference where the bisectors of the angles meet the op- 
posite sides meets another conic touching the sides AB, AC 
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at B and C, and passing through the point of intersection 
of the bisectors of angles ; shew that 

a + /8 + 7 = 

is a chord of intersection of the two conies, 

21. A conic touches the sides AB,AOo{ the triangle 
of reference at B and G, and passes through the centre 
of the inscribed circle. If from any point in the tangent 
at perpendiculars are drawn on the sides, the one on 
BC is the arithmetic mean between the other two. 

22. The equation of the parabola touching the sides 
AB, ^ C at J? and C is aV = 4ibc^y. 

23. Two parabolas are drawn, one touching AB, A C 
at B and C and the other BA, BG at A and G. If the 
tangent to the first at the remaining point of intersection 
meet AC in M, and the tangent to the second at 
meet BG in N, shew that 

MG=^lAC,s,nd.NG = lBG. 

24. Two parabolas are drawn, one touches AB, AG a,t 
B and (7, the other AG, BC sd, A and B respectively; 
shew that the area of the common loop 

^^A.ABC. 

25. Find the condition that the conic inscribed in 
the triangle of reference should be a parabola. 

26. Find the conditions that the general equation of 
the second degree in trilinear co-ordinates should represent 
a circle. 

27. Find the condition that the general equation of 
the second degree in trilinear co-ordinates should represent 
a parabola. 
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28. If /(a, A 7) = denote the general equation of 
the second degree^ the direction-cosines X^ /i, v of the 
asymptotes of the conic represented by it are given by 

/(X, fi, v) = 0. 

29. The condition that the general equation of the 
second degree in trilinear co-ordinates should represent an 
equilateral hyperbola is 

A-\-B + C- 2Fcos^ - 20 cos jB- 2JTcos (7 = 0. 

30. If an equilateral hyperbola circumscribe a tri- 
angle, it will also pass through the centre of perpen- 
diculars. 

31. The condition that the conic inscribed in a tri- 
angle should be an equilateral hyperbola is 

Z^ + m' + 7i" + 2im cos C+ 2ln cos B + 2mn cos -4 = 0. 

32. Shew that it is impossible to inscribe an equi- 
lateral hyperbola in an equilateral triangle. 

33. The internal bisector of the angle ABC meets the 
bisectors of the angle ACB in P and P' respectively ; the 
external bisector of the angle ABC meets the same lines 
in Q and Q' respectively ; shew that a conic circumscribing 
PP*, QQ' must be an equilateral hyperbola, with respect 
to which the triangle of reference is self-conjugate. 

34. Prove that h + m0 + ny = will represent an 
asymptote to an equilateral hyperbola circumscribing the 
triangle of reference, if 

I (mc—nby cosA-\-m {na — Icf cos B + n {lb — may cos C7= 0, 
and find the equation of the other asymptote. 
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35. Find the co-ordinates of the centre of the hyper^ 
bola in the preceding example, and shew that 

^+^ + '5^ = 

is a diameter ; where L = -^ j and wi- andn, have 

* c—b * * 

similar values. 

36. If a hyperbola be such that the triangle of refer- 
ence is self-conjugate with respect to it, and if 

h + m^ + 717 = 
be an asymptote, find the other asymptote, and the cod- 
<dition that the hjrperbola should be rectangular. 



XXII. Envelopes. 

In the following examples the indeterminate constant 
will appear in the second degree; the condition that the 
quadratic in it should have equal roots determines the 
equation of the envelope. 

1. Find the envelope of the straight line y = mx 4- c, 
^when the difference of the squares of the perpendiculars 
on it from the points (± a, 0) is given. 

2. Find the envelope of a line that cuts off a triangle 
of constant area from two given straight lines. 

3. A straight line cuts off intercepts from two given 
straight lines. Find the envelope when the sum of the 
iiitercepts is constant. 

4. Two circles 

cut off equal lengths on the variable straight line^ «= mx + c; 
.find its envelope. 



AKiXTTICAL GEOMETRY. 105 

5. Find the envelope of the chord joining the extremi- 
ties of a pair of conjugate diameters of an ellipse. 

6. The chord of a circle whose centre is at C subtends 
a right angle at 0. The envelope of the chord is a conic 
v^hose focus is at and ivhose eccentricity 



-W: 



OC 



2r' - OC ' 
r being the radius of the circle, 

7. Find the envelope of 

la + mff + ny=0 

if -y + — + - = 0. 

c m n 

8. Find the envelope of a straight line, if the sum of 
the reciprocals of the perpendiculars on it from the vertices 
of a given triangle is zero. 

9. Find the envelope of the line in (8), if the sum of 
the squares of two of the perpendiculars is equal to the 
square of the third, 

10. If p, q, r be the perpendiculars from the vertices 
of the triangle of reference on a straight line, shew that it 
envelopes the circle circumscribing the triangle if 

djp + b Jq + cJr^O. 
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XXIIL 

[The greater part of the following equations have been 
selected from University and Scholarship papers,'] 

Trace the curves : 

1. 3a?'-5a?y + 3/-a?-y=0. 

2. 4^ + 3a? - 5y = 0. 

3. 22/*- 3a^- 2^?* + y + 3a; + 1 = 0. 

4. ^ + 4/ + 12y + 6ic + 4a7y + 9 = 0. 

5. y' - ixy - 5a;* + 6y + 42x - 63 = 0. 

6. V + 16^* -18y + 32aj- 119 = 0. 

7. a?' + a;y-6y*-5a;-5y + 6=0. 

8. y* + «?y-2a;" + 3^-l = 0. 

9. a;* + y* - 2a?y - 2a? - 2y + 1 = 0. 

10. 6a;^ + lla?y + 2y*-13a? + 10y-28 = 0. 

11. 2a^-iry+6y»-3a; + 133^-5=0* 

12. 3a;*-2a;y + 3/-6a; + 2y = 0. 

13. 2a;'-an^-y* + 7a?-y + 6 = 0. 

14. y'-2V3a;y + 3a;^+5V3.a?-5y + 6=0. 

15. Vaf + a + Vy + 6 = V2a. 

16. (3aj - 2y + 4) (a?+ 5y- 7) = 4- 

17. a?' + y* = a' (when the axes axe oblique)* 
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1 1 

18. i + i = 2. 

^ y 

19. (aa?-% + c)*+ (6a:^ ay + d)« = (c' + dV. 

20. (^ cos a +y sin o)" — 4m (a? cos^ + y 8in)9)+ 4m'=0. 

21. cos"*a? + co8"*y=^ . 

22. xy=^x-\-y. 

23. y = -= . 

^ 2a — a? 

24. -j — 2 cos c . -T + ^ = sin' c. 
a ab b^ 

25. (a' + 5') (aj* + /) = {ax + %)*. 

26. (ax - 6y)' - 2c6-c - 2cay - c' = 0. 

27. (y-a;)*=y + aj + L 

^- (M-')'=e->)(i-o- 

29. r = a sin ^. 

30. r(l+2cos^)=3. 

2 

31. - = l + cos^+sinft 
r 

1 

32. r + - = 2cos^ + 2sinft 

r 

33. r=:^(rcos^-2rsin^ + 9). 

34. - =: 1 + cos ^ + V3 sin 0. 
r 
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„^ o /co8^+ycos2^\ 

36. r=:2a(cosl9+sm^). 

37. r = a sec 40" . sec — 5 — . 

38. r = 8ec — r- . 

39. (aa + 6/3 + cy)" = (ia + m)3 + ny) (J a -f m')8 + n 7). 

40. a»-/3» = 7*. 

41. >/3a + >/4^ + >/5^=0. 

42. (- 22)* + (^2^8)* +{(76 -72) 7}* = 0. 

43. <y — a sin J. + 7/:^ sin 5 + V7 sin « 0. 

44. a6a^ + 6c)87 + 0072 = 0. 

45. a+i8 + 7=2Va/3 + /37 + 72. 

46. yS7 = a' cos -4. 

47. ^a» + 5iS*=(^+JS)7«. 

48. sin (B -C)fiy + sin {C-A) 72 + sin (^— -B) a^= 0. 

49. aVsin(£~a).a + 6Vffln(a-^)./3 

+ cVsin(^-£).7 = 0. 

50. al3 = ky{a% + b/3 + cy). 

Can this last equation ever represent an equilateral 
hyperbola ? 



ANSWERS, HINTS, &c. 



I. Co-ordinates, &c 

1. 65. 

2. 15; SyrS. 

5. i. 41. 
iL 65. 

7. 973. 

8. 8-376. 

10. Let (x^f/i), (^J!f^9 {^Jlf^t ^ ^^ co-ordinates of the ver- 
tices, the oo-oxdinates of the point are -^ — ^ — * , ^ — -^ — ^•. 

Hand 12. ».-^«>^»,-^«« , y.-^y.^y.^y« , 

of B (If (66^3 + 33), * If (56 - 33^3)}. 
15. The ladius being ^— : — j if a is tiie side opposite the 

m Bin JL 

ongin, ^^-s 2gin/^ -tf\ ^ " *^® ^^^'^^ required. 
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II. Transformation of Co-ordinates. 

1. (a:*-t^7^+2«y + (4 + 6 73)aj + (4^-6)y+24 = 0. 
a'-J^"-2y3iry+2^3(2-y3)aj-2(2 + 3V3)y=10. 

2. The angle between the former axes is 120°, that be- 
tween the old and new axes of a; is 60^ Draw a figure. 

3. {x + my)' + 8a (1 + m')^y = 0. 

A ^ . /^ cos' 0) + m'\ 2ay cot w 2 v 
«* \ r w' sin* 01 / w t sin I 



= 0. 



III. The Straight Line. Rectangular Co-ordinates. 

1. 5y + 9a3 + Y = ^' To obtain the equation of a straight 
line joining the intersections of a^ + h^ = ^J, > «/" + ^«y = ^« > 
^a^ + ft^y = Cg, a^os + 6^ = c^. The line must be of the form 

a^a;+6jy-c, + A;(a,a: + 6^-cJ = (1) 

and also of form 

%x-k'hjf''C^'\-l{a^X'\'hy^'-c^^O (2), 

whence ; -J — -J = -!__• =-i___« (3) 

since the two equations (1) and (2) represent the same line. 
The equatioils (3) determine k and I ; of course it is only neces- 
sary to find one of them. 

2. 2y-7a: + 25 = 0. 
o 38 

4 2y-a;+l7 = 0. 
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Ill 



6. tan-'(-V). 

7 /88 110\ 

8. 4y + 3aj-5a = 0, 

9. A>/17. 

10. (*,-4);tau-'( 

11. tan '— 7i J. 






m —m 



1 4, Let Oxj Oy be the axes, let OP, OF denote y = mx, y = m'a; 
respectively; call POM a, FOMa' \ 




Then 



whence 



PM ^ _ sin a 
(W=*^-sin(o)-a)' 



1 



cot a sin co — cos w = — 



(I); 



similarly 



cot a' sin ca - cos cu = — 7. ,. 



(2); 



from (1) and (2) form cot a • cot a! and cot a cot a' and substi- 
tute in 

- cot a — cot a' ' - 

tan B = = 7 7— > , whence 

1 + cot a cot a 



tan0 = 



(w*'— w)sinci> 



1 + mm' - (w» + m') cos «* ' 
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Note, This finds tlie angle between y =. mx + c and 
y == mfx + c\ since the angle between these lines is the same as 
the angle contained hjy = mx^ y = m% parallels to them drawn 
through the origin. 



"• -a4-)*'S4)=«- 



18. ? + »- ' 



n m m •{■ n 
20. Let OA = l, OA'=^m. 

Then the equation of AB' is 7 + t-^ — = 1, 

similarly that of A'JB is - + — - — = 1 : 
'' m mcoso> 

making these lines pass through (a, h) we have two equations 
to find I and m, whence 

AA'^m-l=: 



h sin^ (D 



cos CD * 

T» T»f » <* sill* w 
x?-a = ^ sec (D - m cos o> — . 

cos CO 



23. (1) 3y + a;+6 = 0, 2y-aj+6 = 0; 45^ 

(2) y=(2+V3)«-4, 

y = (2-^)«!-5j 
60». 

(3) y = *»-^ 

24. A straight line through the origiiu 



ANSWERS, HINTS, ftc. 113 

25. The co-ordinates of the point of intersection are (a, 6). 

27. If (a;,, y,), (a;,, y,), (a?,, y,) be the co-ordinates of the 
vertices A^ By (7, the line bisecting BC at right angles is 

28. 

^ K'+yi')(y,-y.) + (a?,'+y/)(y,"y,) + (g,' + y.')(y,-y,) 
2 {(aj. - «.) (y. - yi) - (y. - yj (». - «i)} 

•^ 2 {(x.-a:J (y. - yj - (y. - y.) (a:, -x.)} 

31. See L 11. 

The locus is . _ + 7-31 = 1 where /*, A^ a, 6 are con- 
nected by the relation 

h k , 
a 6 

« 

„„ .,. a*8in*tt •. a* ' 

^ ' cos a (sin 2a.+ cos 2a)' ^' 2' 

33 — 

f 

35. This depends on the identity 

a* + 4 = («•+ 2a + 2) (a*- 2a + 2). 

37. a; = aZ', y=6(l-Q«. 

- m + Tw' . 

38. y-o=, /(«-«), 

, mnh — 1 - . 
y-*=— Yw («-a). 



D. a. 8 
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LV. Fairs of Straight Likes. 

6. Let y* + -^^+ -T- = (y-«M5)(y-m'a;), then since the 

bisectors are the locus from which equal perpendiculars can be 
drawn, the locus consists of the product of 

y — mx y — m'x 

or (y-mxy (1 + m") - {y-m'xY (1 +*»*) = ; 

multiply out, and substitute for m + m', mm\ m'—m &c., their 
values. 

y. The Straight Like referred to Polar Co-ordinatis. 

-^sinf^). 

^-^ V 2 ; 



„ cos ^, + cos 5, ^ 

3. 5 Sscos^ 

r 






4. r= 



r,r. sin (g,-g,) 



Vr,' + r/-2r,r,co8(<».-tfj' 



d. rsinf + 2] = a, asbraigbt Una 

6. Take as pole. The locos is (he straight line 

r=OC.— .1 =Ht • 

Bin ^tf + 0(7.1 + ^^ 
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7. Take VO as initial linoi (y as pole. Let the incli- 
nation of the transversal to 00* be and call aOO^^ a, &c. 
Then the locos is the straight line 

II l/ Bin(<i + 0) sin ()3 -H G) \ 
f a\ Bina smjS /' 

where a = OO', 



YI. The Straight Line refebbed to Tbilineab 

CO-OBDINATES. 

2, Take c,,)?^, y^ to be a point on Zia + mj3 + «»/ = 0. Then 
this straight line may also be written 

COS0 cos^ cos^ ' 
whence (^ cos + m cos ^ + n cos ^) 9* 

= fe + mj3 + ny- (^ + mj3^ + wyj) = ; 
since (a, )9, y) (o^, j3j, yj both lie on ^ 4- m)8 + wy = 0. 

3. If 0, ^ ^ be the angles which la. + mj3 + ny = makes 

with the perpendiculars on the sides, A, — -r- = ^? — ? = —. — - 

^ sin^sin^sin^ 

will represent a line throngh (a^, jS^ y^) perpendicular to the 
given line. Let p be the length of the perpendicular required, 
then if (a, )3, y) be the co-ordinates of the foot of the perpen- 
dicular from (ap ^p yj) on the given line 

sin0 sin^ sin^ ^' 
whence 

2^ {/ sin + m sin ^ + n sin ^} = 2oi| + m^^ + wy^ — (fe + f»j8 + ny); 

• •. p-7-r-^-f :' /' . — -, since fa + f»^ + wy=0. 

^ «8in&+msin^ + nsm^' *^ ' 

8—2 



IIG 
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Kow 



->• (^ cos + m cos ^ + n cos ^)' since 2 cos + mcos^ + 9icos^ = O 
= ^ + w* + n* + 2wiw cos (<^ - ^) + 2nZ cos (i^ - d) + 2/m cos (^ - ^), 
but ^ — ^ is the supplement of the angle ul of the triangle of 
reference, and similarly for the others ; 

^ sin + m sin ^ + n sin ^ 

= J(l^ + «i'+ w'- 2m?i COS -i — 2ln cos i? - 2^i» cos G). 

4. Write out the equations of the lines in full length in 
Cartesian co-ordinates in the form 

(I cos a+m oosP+n cosy) aj + (^sin a + msin/^+nsiny) y+ .,. = 0, 

(/'cosa+m'cos)3+w'cosy)a5+(?sina+«»'sin)8+»'Biny)y+... = 0, 

then apply the condition of perpendicularity and finally substi- 
tute for a-j8, 180^- C, &o. 

This is the method used in Salmon's Conic Sections, 

5. i. To find the bisector of the angle BAO, Since it 
passes through ^ it is of the form' 

iu this case, . *. the equations of the bisectors are 

y-« = 

o-/3 = 0| 
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ii. By a siinilar inyegtigation to i. i''r> 
. -. the Unes are 

ey — ao:*0 

iii acosii-j8co8J5 = 0, ficoaB-ycoBC^O, 
ycos(7-aooB^ = 0. 

ir. Make the line la + mfi + ny^^O pass through the 
middle point of JBC and make it perpendicalar to a = by 
example (4), or thus; since it passes through the intersec- 
tion of )3 sin .8 -y sin (7 = and of a = 0, it may be writteu 
/3sin^-ysin(7 + AxK = 0. Substituting now in the conditiou 
of perpendicularity, we obtain h 

Either method gives fi smB^y sinC7 + asin(^-C) = and 
similar equations for the other two. 

(6) i 1 : 1 : 1. 

..Ill 

11. - : r • -• 
a e 

iii Sec ii : sec J? : sec (7. 

iy. Cos A : cobB I ooa C. 

The absolute values of these co-ordinates may be found 
thus : in iv. for example let (k cos A, k cos B, k cos Cf) be the 
absolute values required, substituting in 

2A 



oa + 5^ + cy = 2A we obtain h 



acoaA + boo&B-hccoaC 



2^A 

7. I a + )3-y = 0, )3 + y-a = 0, y + a«/5 = 0. 

ii acosi[+)3cosj9— yoos(7»=0, 
^cos^ + y COB (7— a cosii = 0, 
y cos (7 + acoB il -/3oos^ s 0. 
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8. aaco&Afdji{B''C) + hpcoBBan(C-A) 

+ cy cos C sin (-4 - J5) = 0. 

10. Let la + mp + ny=0 represent a straight line. The 
perpendicular on it from A is given bj 

2A 



a 



.1 



tjl' -^m' + n'" 2mn cos ^ - 2ln cos B — 2lm cos G 
whence I : m : n :: pa : qb : re. 



12. 



13. 



L oosec A (cos 5 - cos C) : cosec B (cos C - cos ii) i 
cosec C (cos A - cos B). 

ii. cos ABm{B^C) : cos J? sin (C - -4) : 
cos Can (A— B). 

aco&A -\- p COB B + yooa 0^=0, 

The line -+?+5' = 0. 
a e 



15. Take OB as a:=0, PQR as y = 0, and a line OiS' as 
P = Of where OS is so placed as to make the equations OA and 
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OB a^fi = and a + j5 = respectively. Let SAB he Xa = y, 
tben the equation oi AC ia 

(Xa-y)(a,-)8,)-Xa,(a-i8) = (1), 

of^ais (Ao-7)(o, + ft)-Xa,(a + i5) = (2), 

^ (^i» Pi> ^) (S> Pay ^) ^^ ^^® co-ordinates of F and Q respec- 
tively; eliminating X between (1) and (2) we obtain 

a straight line through the point 0, as the locus. 

16. Take mP-ny^O, wy-^<i=0, ta-mfi^O; as the 
straight lines meeting at 0. Then L, M, iT, lie on 2a+ mj3+ ny =0. 

17. Take AD of the form m)3-ny=0 and similar equa- 
tions for BE and (7^. From B and (7 draw BM and CiT per- 
pendicular to 00 and J50 respectively. 




Then 



. -n^y^ BJu OJf m 

sm 50C = -gg- = ^ , whence 
2 A^(9C7 . sin BOG^BM . CiVI.. 



(1). 
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Now BM and CN are perpendiculars from the yertioes and 

h k 

2 BOC =" A • 7 where j is the perpendicular from on BC. Sub- 
stituting in (1) we obtain an expression for 

sin BOG 
J^Tnf + n* — 2mn cos A 

which is not altered by cyclic transformation. 

23. lU:e a point (a, p^ y) within the triangle, then if 
(0, j8j, yj) are the co-ordinates of the foot of the perpendicular 
on BG ; Px^a cos -k-P, y, = a cos 2? + y, and similar equations 
for the others. Should lie without the triangle, but within 
the angle BAG, the sign of a would become negative. 

25. — ^ — z— ^= ^1 &o., hence we can establish the relation 

sin^ * 

sin (A-O-^^) _smA, k^k^-hanB.k^ +sin(7 
cos ^ cos ^ "" \kx + cos -4) (k, + cos G) 

26. Let the triangle fbrmed by the intersections be A'B^C. 
Let^? be the length of the perpendicular from A* on BG. Xjet 
q and r be similar perpendiculars. Then 2 A' = 2 A— op — hq—cr. 



YU. The Cibclb befebbed to Cabtesun Co-obdiitates. 

1. The diameter is y + 3a? = 0. 

2. 3a:' + 3/=58as. 

3. J;iV29;(0,J),(i,-|). 

4. '4^,(-ilU(-2=^^/7). 
8. i. 
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10. 8y-6aj=25. 

11. 2; 6y = 2(9*^)aj. 

12. tim-»(f). 

13. «* + y" + 6y-2a;+ V=0. 
U. (1,7); (-i,-i);i^/23i: 

,- -2*^2 -2±3J2 

16- 2 ' 2 • 



16. tan->(.^). 



IT. If l-J{x,-x^Y^(:y,-yy 

the conditions are y^ (a?, - x^ - », (y. - 3^1) = ^ and two similar 
ones. 

19. Find the condition that the line joining the cnrrent 
point {Xj y) to the point (a;^ y^ shall be perpendicular to tlie 
line joining {x^ y) to (a?,, y^. 

23. 0-2 tan"* j . Draw a figure. 

27. Take the common tapgent as axis of y, the line joining 
the centres as axis of as. 



28. 



a* 



(«-«)'+y"=4- 



29. cos- f(AzfMzWj-» . 

30. Let I be the length of the chord&r The locus is a 
concentric circle o^ + y' « j^ — ji . Explain this result when 

31. If c? be the distance between (A, h) and (A^, Jcf) the 
condition is re? = Ai' '-' VA; ; r being the radius of the circle. 



122 ANSW£BS, HINTS, &C. 

34. Take the diameter as axis of y and a pei'pendicular to 
it at the centre as axis of a;. 

36. Two circles are said to cut orthogonally when their 
tangents at the points of intersection are at right angles. It 
thus follows that the radii to those points must be at right 
angles. The condition aJgebraicall/ expressed is c'=f^-i-r^ 
where e is the distance between the centres and r and / are 
the radii of the circles ; applying this method to the example, 
taking the circle tobe(a; — a)*+(y — fi)' = r*, we have 

(a-6y+j8' = r» + a«, • 

a« + (^-c)' = r« + a», 
whence the oirde is found to be 

37. A circle. 

41. aj=|Bin(^-C), y = |cos(J5-C). 

> • 

The radius of the nine-point circle is equal to half the radius 

of the circumscribing circle of the triangle. 

42. If J? be the radius of the circumscribing circle the 

distance is -^ ^^ 1 — 8 cos A cos £ cos C* 

he 

43. t* = -^.coBA, 

45. a:* + ^- 26 cos J?as- 2c COB J!?cot Cy 

« -7-i-;^«(2 cos il cos J? cos (7 - sin ^ sin (7 cos J9}. 
Bin" C ^ ' • 

Take B as origin and BC and the perpendicular to it as axes 
of X and y. 

48. «» + 2iByooB«+y*-2&(«+y) + 6* = 0. 
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51. a:' + ^ = a' + r where a is the radius of the circle, I the 
ooDBtant length measured off. 

52. The length is r sLn ci> where r is the radius and (o the 
angle between the diameters. 

Let C be the point from which the perpendiculars CAy CB 
are drawn, the centre of the circle, 

then AB' = AC -k- BC -h 2AG . BG . COB io, 

and AC-ranAOC, cfec. 



TIJL The Cibcle befebred to Folab Co-ordinates. 

4. Let e be the distance of from C the centre of the 

OP-hOQ 
circle, a its radiua Then 5 — = e coa 6 and OP . OQ is 

known. 

The locus is found to be -^ = c* (3 cos* - sin" 0) + a'. 

7. i" =r* + r/- 2rri cos (0 - 0^) 
a'^r' + c^-- 2r,c cos 

8. r^e. 






IX. The Eadical Axis of two ob mobe Cibcles. 

3. a'+y'-2/*y + 6* = 0. 

4. (x-a) (a; + 6) + y" = aj(x + 6)* + y* where a and 6 are 
the radii of the circles, the common tangent being the axis of y. 
See Yii. 25. 



X The Ellipse refebbed to its centre as obigik. 

3. «• *• 



Ja'-^b'' Ja'^V^ 
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4, * -z g where e is the eccentricity of the ellipse, 

6. The equation of the chord joining two points {x^, y) 
(Xg, y^) on an ellipse is 

(a; -a?,) (a; -a?,) (y-y,) (y-y,) _ixi\ t/' , 
a» b' "a' b' ' 

for this reduces to that of a straight line, and ranishes when x^x^, 
y = yj ; or when x = x^y y = y^. Reducing and substituting for 
(^i> yO (^a> yj *^® eccentric notation we get the required form. 

7. 2sin^^{a•sin»^ + 6•coB•*±*J^ 



8. (-^, ^); (-asin^, 6costf). 



a cos — ^ 6 sin — ~- 



9. 



cos — 2^ cos ^-^ 



10. In (6) cos0 + cos^~ — \ sin tf + sin^=-^* . 

11. An ellipse with axes parallel to those of the given one. 
14. Take the equations of the chord referred to its middle 



X V 
p q 
angles at {x^ , y^, the middle pointy give 



^_ X fl 

point. The conditions that it and - + - = 1 should be at riffht 



a'p b*q 



(1) 



p q 

which in general onlj find one point and therefore only one 
chord. The point is found to be ( , ^, , ,, A • 
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15. The equations are the expressions of the conditions 

(1) That the line joining the centre of the circle to the middle 
point of the second chord should be perpendicular to that chord. 

(2) That the two chords are equally inclined to the axis of the 
ellipse, which follows from Euclid IIL 35 and the theorem that 
the ratio of the rectangles contained hj the segments of two 
intersecting chords of a conic is the same as that of the squares 
of the two parallel diameters (see Note in xx.). 

19. a:" + y« = a' + 6". 

21. 2a^.7^4?^,^^T here^=?L4-^^^ 

25. Make use of the fact that [x^ , y^ must lie on 

a^ + y» = a' + 6". See (19). 

27. (1) « + a.?C^-0. 

X* y* 1 1 
^ ' or a b 

See example (26). The second result may be obtained by the 
more advanced student as follows : 

The equation of the pair of lines joining the intersections of 
the polar of (x^, y^ with the ellipse to the centre is 






The condition that these should be at right angles, viz. that the 
sum of the coefficients of x* and ^ should vanish, gives 

a a 
removing the suffixes we get the locus required. 

28 *"4.2''-l 
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32. See (9) and (10) of tMs section and make use of the 
&ct that CT bisects FQ. 

36. Apply z. 8 and yii« 19 whence we obtain as the 

locus 2 («;• + y«)" = aV + 6y. 

37 ^+2?!_1 

38 «^4.2^-2 



39. Let the v6rtex G be (a;, y), let p be the length of the 
perpendicular drawn from G on PQ, Let (oj^, yj be the 
middle point of PQ and a the angle it makes with the axis 
of y. 

/3 
Then a; = flJi+jpcosa = a?i + ~- PQ .cos a (1). 

Now a;, ahd PQ cos a are easily expressed in terms of the 
co-ordinates of P and Q. A similar equation to (1) is obtained 
for y. The locus is 



\a + JuJ V> + JsJ 2 • 



42. Find the equation of the circle described on the 
chord as diameter, then put y = in the same. 

43. The chords, joining the points in pairs, must make 
equal angles with the major axis, 

44. CKC sin ^ - hy cos $ = {a' — b') sin $ cos $, 

47. Eliminate x and y from the three equations 
oo; sin a — &y cos a » (a' - &') sin a cos a^ 
and two similar equations in fi and y. 



I 
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49« By Bubstituting for can and oos in terms of tan 0, 
obtain from the equation in (44) the equation of the normal ; 
irhich is of the fourth degree in tan 0, Then shew that if 
tan Oy tan )3, tan y, tan 8 are the roots 

1 — (tan a tan )3 4- tan )3 tan y + tan y tan a + tan a tan 8 

+ tan P tan 8 + tan y tan 8) + tan a tan P tan y tan 8 = 0, 
which makes tan (a + ^ + y + 8) infinite. 

51. a^-2a?ycot^-y*=a*-6*. 

65. 2(aV + 6y)'=(a«-6V(a»aj'-yyO'. 

56. Take the equation of the ellipse ^73+ ^=1, trans- 

£>rm first to the point (0, ol) as origin, then from axes inclined 
at an angle <i>, to rectangular axes, retaining the axis of x. 
Then the tangent will be the new axis of a;, the normal the 

. £ . -1 a^ 

new axis 01 1/ : 01 = sin - £> . 

ao 

57. The length at Pis , ^ ^-h (a' -h 6' ) 6- ^ 

the length at 2) is — 5^3 — 7-1 — 757—75 • 
® - a V + {or + 6*) a' 

60. An ellipse. 

62. Let p' be the perpendicular from the other focus, then 



67. «=*-«!, y= 






Vi 



a? 1/* 
70. If B0^2a the locus is -.^u^l referred to 0(7, 

a 

OMN as axes. 
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71. Let Oy ^, y be the verticea of the triangles, then 



osa + oo8/8 + co8y=«l qi 

ina + sin^ + siny=OJ 



sin 



and cos* — ^^ = -V + ^ > *^^ similar relations. Square the 
equations (1) and add. . 

73. Let 

. -.+ f. = l and -r, + f, = l 
ah a' 

intersect at (as,, y,)j we have then 

'^ii-^^h^ii'-F*)-' <^)' 

applying the condition a' - a'* = 6* — 6", (1) reduces to 

the condition that the tangents at the point of intersection 
should be at right angles. 

74. Let -5 — r-+ ./ = 1 be a conic through (Xj, y,). We 

have to determine X from the quadratic 

X* + X(a:/ + y/-a'-6')+aV-6V-aVi'-=0 (1): 

this gives us two ' values of X ; therefore two conies can be 
described confocal with the others and passing through (x^, yj; 
again, in (1) put X= - 00 , b\ a' successively, when the .sign of 
(1) will be + , - , + respectively, shewing that one value of X 
is less than b', the second greater than V and less than a*. 
The first value of X will make the conic an ellipse, the second 
a hyperbola. 
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75. If J a' - 6* be the distance between the centre uid a 
focus, the locus is 

m ^ c 

76. Let 

bo the two conies, the locus is 

Use the form of tangent a;cosa + ysina=|>. 

77. A circle touching the perpendicular drawn to the axis 
of a; at the point £rom which the tangents are drawn. 

78. Take 

i^+-J^=l^ + -l^=l 
a/ a,*-X* 'a,«^a/-X« 

as the confocal conies. 

Then if P be (a^, y^), Q be («„ y^, 

must be identical. This gives x^ and y^ in terms of a^ and y^, 
whence (a5, — os^* + (yi — yO* can be formed. 



XI. The Ellipse befebbed to Polab Co-obdinates and to 

THE Focus AS POLE. 

1. A conic haying the same focus, 

2seca - ^ 
=l+«secaco6 9. 

r 

D. a 9 
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2. The ellipse = 1 + e cos a cos ^. 

3. Assume the equation to be - = ^ cos d+ B sin $, Since 

T 

the normal is perpendicular to the tangent 

- = 6 COB fl + cos (^ - a) = (e + cos a) cos ^ + sin a sin ^, 

we have A (e + cos a) + -ff sina=0 (1). 

Again since the normal passes through a 

1+6 cos a = A cos a + jB sin a = — -46 by (1). 

A _ 1 + e cos g «_ (1 + 6 cos a) {e + cos a) 
e 6Sina 

Substituting for A and B we obtain the required result. 
10. ^ = l+6' + 2ecos^. 

13. The difference is equal to ^, . 

19. Make use of SG = ^-. ' ^,^ cos -ip-. 

The locus is 

- + -J ^ - 6 cos ^ = 0, a conic 

r 4e cos ^ 

20. The locus is 



- +^ ^-(l+c)costf = 0. 

r 2ecosd ^ ' 
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Xn> MiSCBLLAKEOUS EXAMPLES ON THE ElliLIPSE. 

* 

1. The equation of the tangent at any point, - cos tf + ^ sin ^ = 1 , 



may be written 



c 



^t^co.-«-|«.»+l.-g.O, 



whence if cos 9^^ cos 6^ are the roots 

«,«.=«• C08 ^. cos <?, = a' (l - ^ (^. + ^"' , 

and we can obtain a similar relation for y^y^> 

^ , . a;» v* 1 1 
The locus is-4+^=-5 + T5. 
a a 

3. Pursuing the same method as in (1) put for x^-\-x^t 
ajj, - ajj , &c. their values in {x-x^ + {y-y^ = («- 05,)'+ {y - V^^* 
The locus is £cy = ; the axes. 

'^ if 

4, — i + 7a = J. 

a" 6 

6. If B and ^ be the eccentric angles at the extremities of 
one such pair of diameters, obtain and make use of the relation 



a» 



tan B tan ^ = - 7« . 



7. The conic (hyperbola) 

7? {¥V + 2a') - 25y = 2(a' - hj, 

where J^ is equal to the sum of the squares of the tangents of 
the inclinations. 

12. Befer to CD and its conjugate as axes. 

9—2 
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13. Let (a, P) be the given pomt, let and ^ be the 
eccentric angles at two of the points where the circle meets the 
ellipse, and let {x^ y) be the co-ordinates of the middle point 
between thenL Then 

(acostf-a)" + (6sin^-j8)' = (<»co8<^-a)' + (5sin^^-/3)*, 

2x = a (cos + cos ^), 

2y-h (sin + sin ^), 

Eliminating 6 and ^ between these three equations we obtain 
as the locus of {Xy y) 

of a . y - Vp ,x^(af- 6") xy 
which passes through the feet of the normals drawn from 
(a, P), being in fact the equation which, with -« + ^ = !> deter- 
miiies them. 

14. Take $ and <^ as the points where the chord cuts the 
ellipse. The condition that it should subtend a right angle is 
found to be 

k — hsinO h — hsmth , ^ 

I ^ • I ^+1 = 0. 

h — a cos h — a cos ^ 

The locus is found to be 

a? if 

15. -s+^ = l+m*. 



1^- «=r77i— ii\» y = 



20. 



h{af-hy ^"*(6"-.a')' 



21. {rMfx^Vy){V»^mofy)^m(fV{af'-V) if y = wi«be 
the diameter. 
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23. y = — tan a.xia the equation of the diameter if a is 
the eecentiic angle of F. (See z. 43.) 

27. The co-ordinates of the foci are 

(9* 0), ^-__ ^ cos a, - Yzr^P ^^ A • 

The directrices are 

1 + «■ 
a:oosa + ysina==j[?, «coso + ysina + ©. . — -.«0. 

*^ 1 - 6* 



XIII. Thb Pababola befebred to the Vertex 

1. am' + (2a-a;)m-y=:0» 

3. (1) y« = 2aas. 

(2) y* = 2a(aj-a). 

4. y*=2a(aj-4a). 

«• g-(yi-yt)(y.-y.)(y.-y,). 
9. (1) ,/7ri^-5±i?. 

(2) y«-4aa:= (72- !)"(« + «)•. 

12, *j2j/=^x + 2j2. 

13, The tangent at the vertex. 
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14. If (am', Zam); (cm\ 2an) are the co-ordinates of the 
points where the polar of (h, k) meets the curre we have to 
eliminate m and n between 

{k ^ 2am) {k - 2(m) . ,_^ 

{h.-am'){h'cm') "*" ^ ~ " ^^^' 

x = amn » (2), 

^ = a(m + n) (3), 

when we obtain the locus 

15. 4a* (a; + a)' = c* (4a" + y*) where c is the length of the 
perpendicular. 

16. See (13). 

2^* yt/i == 2a (^ + ^i) must be identical with 

(03 - a) cos tf + y sin tf = 2a, 

the tangent to the circle, which gives two equations ; eliminating 
6 between them, we obtain the locus ^ = (as + 3a) {x — a). 

25. y* + (aj-a)(aj + 3a) = 0. 

34. For A3 see xiii. 8. 

36. If m^ and m, be the co-ordinates at P and Qy 

/S'P = a(l+w/), AS'^ = a(l+w/). 
The loci are 

(1) y*-2aaj = a(A;-2a). 

(2) (aj-a)' + y* = Aj«. 

37. To obtain the equation of the focus and directrix of a 
parabola 

(aa;-5^)* + 2^a + 2/y + c = (1). 
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The eqnatioii of the directrix must be of form &as + ay + 7= 
since it is perpendicular to all diameters ; therefore if (m, n) 
he the focus, we must make (1) identical with 

which will gi^e three equations to find m, n and L 

(1) (l,2);aj + y-3. 

(2) (2,-3); 2a: + y-4. 

(3) (3,4); 2a; + 3y + 4. 

42. Let {ar^, 2an) denote the point where the normal 
meets the curve again. Substituting for x and f/ in the equa- 
tion 

owi* + ( 2 a - a?) wi — y = 

of the normal, we obtain 

aw' + a (2 - w*) w - 2(m = ; 

and rejecting the factor m — n, we obtain the n of the second 
point. 

The co-ordinates a.ve 

1 / 8a« + y,V / 8a«4-yA 
4a V yi J'\ yi /' 
and the length of the intercept 

45. See xiii. 1. 

46. If h a^d k are the co-ordinates of the intersection of 
the tangents 

^* + 2a*-aA hk 

47. y» = a(a;-2a). 

48. Apply xjii. 1 and xiii. 42. 
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50. If the normal at P (a\yi) meet the tangent at the 
vertex in N and the tangent at P meet the axis in B^ then the 
qnadrilateral will be APNR^ A being the vertex^ 

51. Apply XIII. 1. 

52. In XIII. 1. The coefficient of mf is zero, therefore 
«ii + m, + wi, =s 0, if wij, «nj, mg be the roots, 

53. Finding the ordinates of intersection of a circle with 
a parabola, we obtain a biquadratic without a term in y", 
therefore yi+y, + y, + y^ = ; hence by (52), y^ = 0; therefore 
the fourth point of intersection is the rertex. 

58. The normal to y* — 4aa? = 0, namely 

CM»' + (2a— aj)m-y.= (1), 

must also be a normal to a^ + 2y' = 54a'; we obtain condition^ 
97» = which gives the common axis of the two curves, and 
(m' + 2)'»27, which gives by substitution in (1) the remaining 
real lines ^satisfying the conditions, «fc y + as = 3a, 



XIY. The Parabola referred to Tmo Tangents as 

Axes. 

1. The axis is a line through the focus parallel to the 
line joining the origin to the middle point of the chord of 

contact (s > o) • ^*® equation is, 






2. Jy + oa = 0. 

For the foot of the directrix 



afe* (a'-6') M{€^V) 
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oft* ha* 

3. g" /^! . rtM i y= 



4. THe parameter is four tunes the length of the per- 
pendicular let &11 from, the yertex on the directrix 

4a'y 

6. jc' + y^^fty, if^^is6. 

11. Substitute the co-ordinates of the focus in the equa- 
tion of the circlOi which leads to the condition 

h k ^ 



12. (.. + 3^)(U1)=^; 



1 r 

where k is the constant length. 



13. -=If where k is the constant ratio a : h, 

X 

14. sB*+y'=Aaj + *y. 

16. a;' + y* = {Aa* + %*}*. 

16. Let OP, OP be the t&ngents, /S^the focus; draw SM 
parallel to OP. Then the triangles OMS^ OSP are similar. 

17. Let ? + ^ = 1 (1) 

be the equation of the directrix, where I and m haye to be 
determined. Then I and i7» are the intercepts on the axes. 

Let . — + - = s 1 be a tangent intersecting the axis of y 
»Jax^ Jbf/, 

at the point where the directrix meets it. Then 

m^Jbi, , (2). 



138 ANSWERS, HINTS, &c: 

But the tangent must cut the axis of y at right angles since it 
meets it on the directrix, 

from the condition of perpendicularity ; whence 



V y V a 



(3), 



ah 

cos (II 1 6 + acosci) 

6~ a 

m — ab co8o» 
^ ^^ o + acos(tf 

Similarly we can find I; and substituting in (1) we obtain the 
equation required. 



XYI. The Parabola rkferred to the Focus as Pole and 

THE Axis as Initial Like. 

. o + )8 a-)8 

2. r = a sec — ^ . sec — 5- . 

2a cos (g -- g) 

^- /" a + ii «-/»• 

cos-^ . cos— ^ 

5. s a and in either case therefore 

2« ,-. 

cos 6^ 4- cos )3 ^ ' 

)8 can be eliminated between (1) and the condition. 
The lod are <1) r" sin« ^ + 2ar cos e-A, 
(2) r = c, 
where k and c are constants, that is, the loci are a parabola and 
a circle respectively. 
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'■{, 



8a? sin* a 



— 1*. 

ana)) 



^(1 «fcsino)' (1 afssin 

11. Two real intersections. The second curve is written 

— = 1 + cos (tf + a). 

12. Make the equations of the tangents to each curre 
identical 

15. rsin*tf = acosft 

16. Let FMhe the normal; to find the locus of M, Let 
SM=r; then 






(1). 
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also SF'^^SJ^.r (2), 

where N is the point where SM meets the tangent, 

<SP=,r^^=,— "-^ (3). 

1 + COS a 1 + Sin ^ 

4S!y=2acoseca = -2as8c(9 (4); 

substitute in (2). 

a sec 



17.- r=- . . 
l + sind 



• yi • 



.. ^ ., 



(l + cos^)(l + 2sin|V 



^^ 2a sec a - ^ 

20. = 1 + sec a . cos ^, 

21. - = 1 + cos 0, where I is the length of the string. 



XYII. The Hyperbola refebbed to the Centre as 

Obigin. 

ocos-^ 

4. x= ^i. , 1/ = tan ^ • 

cos ^ ■ 



7. Use the equation of the tangent 

a;cosa + ^sina« J a' cos* a - 6" sin' a. 

(1) a^'^y'=Ja'af^by. 

(2) aj(aj±a#)+y* = a^(«*a«)'-(e»-l)y'.* 
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10 t^l L_ 

a* 6* a* + 6' 

13. *2y = aj + 4a. 

M&ke the tangent to the parabola intersect the other curve 
in two coincident point& 

17. The polar of any point (a sec $, h tan 0) with respect 
to the drcle (aj-a«)*+y*=6* is a (x-^ae) (sec tf-e) + y6 tan tf=6*. 
Shew that this touches the circle described on the major axis. 

20. (a* + by tan* tf - 26y (a' + b') tan* 

+ {5y-aV + (a" + 67}tan"tf-26y (»• + &•) tanfl 

22. The perpendicular is a; = ^8in0, which gives only 
imaginary points of intersection with o? —\f-=cf. 

23. Take OA = bf OC = a'j the equation of the hyperbola 
is sif — f^ + by-ax = 0. It must be remembered that x^y==0 
represent two lines at right angles whatever be the inclination 
of the co-ordinate axes. 

27. (a*-ife*)aj'+6y-(a* + 6')'=0 where A; is a constant. 

28. Let (a;^y y^ be the co-ordinates of P^ {x^ y^ of Q. 
The problem reduces to shewing that x* + y* + x^^ + y^y, = 0, 
which follows from the equations 

», -y, -«, -y,, —+-1 = 2. 

The last equation expresses the fact that Q lies on the normal 
at P. 

a? •#• 

29. -i -fs = 1 where 2a and 2b are the axes of the 

ellipse. 

oO. The tangent at the point (a, 0) is a:+y =0. 
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XVIIL The Hyperbola befebbed to the Asymptotes as 

Axes. 



2. (1) z-T^, 






(2) 
3. y' + |a!=0. 

6. a=y=^. 

11. ccy = * toy + A; (W+ 1) aj where (A, k) is the fixed 
point. 

12. awBin«= , r, At*, where (u is the aiurle between 

^ {m + ny ' ^ 

the axes, k the constant perimeter, r the radius of the circle, 
m : n the ratio in which the point divides AB, 



XIX. The Hyperbola referred to Polar Co-ordinates, 

THE EOCUS BEING THE PoLE. 

2. The other asymptote. 

A /i\ / Tx/cos^ sin^N 

(2) r = — ( ± —r-~ J ; a circle through the focus. 

46" 
7. The parameter of the parabola is - , the point of 

J a* + 6' 
contact is given by a = 2 tan"* f '^ t ) • 

11. -=l + ucos<i. 
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'^^, The General Equation of the Second Deobee. 

1. (1) a = h, *=0. (2) h'^ab. (3) a=-6, mnce the 
asymptotes axe at right angles. 

2. The co-ordinates become infinite in yalue, which shews 
that all diameters of a parabola are parallel. 

3. Apply the note preceding the example. 

5. To shew that GF" = 'iS'P.Pr. 

Through the focus S draw BSR' parallel to QQ' and let FV 
he the diameter to QQ*. Join SF. Let oo denote the points 
at infinity on AS and FV. 




Then 



whence 



QV.YQT RS.SR 
FV.Voo " AS.Soo ' 

JRS.SR' 



QY'^FY. 



AS 
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It is left as an exercise for the student to shew that 

which he can do either geometrically or hy applying the polar 
equation of the parabola referred to the focus. 

6. If be the half angle between the asymptotes 

coaO== — , 

e 

and 20 is the angle between the lines represented by 

8. (aaj + % + ^)" + (^+6y+/)*=A;(^a5+^ + c)*, a conic. 

10. c + d = 0. 

11. The radical axis of the two circles. 

12. If r be the radius of a circle, I the length of the per- 
pendicular drawn from the centre on a straight line, the length 

of the intercept on the line is 2^r*- ^. 

The result is 
2 {^* sin" a +/* cos* a -y^r sin 2o - c -|? (2^ cos a + 2/sin a +1?)}*. 

13. rcosa=jp. 

14. Take the general equation of the circle to be 

af + y'+2gx + 2/y + c^0 (1). 

Let (a\, yi) (a;,, y,) be two points on the circle that subtend 
a right angle at the origin. Then 

ai«i + yiyi=0 (2). 

Substitute from a;cosa + ysina— /7^0in(l) first for x^ then 
for 1/ ; this will give the two quadratics, finding the ordinates 
and abscissae respectively ; y^^, XjX^ will be the absolute terms 
in these equations, whence 

yiyt + ^*t= 2p* + 2p (^cos a+/sin a) + c»0. 

15. Let (os^j y^ (x^, y^ be the co-ordinates of the ex- 
tremities of the chord; let (a?, y) be the middle point. 
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Then « = ^', y-^^ (1), 

aji' + yi' + 2^jCj+ 2/5^1 + = j 

a'.' + y.' + 25'a^-»-2/y, + c = 0l (2); 

2a;ja;,+ 2y^, = 0j 

adding the equations in (2) and substituting from (1) the locus 
is fouDd to be the circle 

Compare Salmon, pp. 90, 91. 

16. ^+A = a« + 6«. 

17. a = 6 = J. 

18. The condition becomes identical with the one that 
makes them confocal, 

1 9. }^Qcy = {bx -^-ay — a5) (6aj + ay — 6c). 

20. Let OA - a, OB = 6. The locus is ay = Jos. 

21. y = — «M5. 

— +— + /'— +— ^ 
a6' alb \aa hh') 

24. aj»4-y*-^^a;--i-y=0; 

a. circle through the origin, and through points on the axes, 
^v^hose distances from the origin are arithmetic means between 
the intercepts of the lines. 

25. Taking the sides a, 5 as axes the locus is 



sec (i>. 



, , ax-\''by 



26. 



If . c 



Jiab-hy 
n- v. (abo + 2/gh-af*-hg'-oh*) 

(a6-A*)* 

s. a. 10 
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29. Let (m, n) be the oo-jrdinates of the focus. The 
directrix must be perpendicular to all diameters; it is therefore 
of the form )3a; — a^ + A; = 0. The parabola may therefore be 
written in the form 

which reduces to 

Making this form of the equation identical with 

{ax + fiyy + 2gx+ 2/y -k- e = 0, 
we obtain k and the values of m and n. 

The student is recommended to deduce the corresp<»idiDg 

values for 

»^_2^ y^_2«_2y 

which have already been investigated in another way. (See 

XIV.) 

31. Let S be the given focus, OP the given tangent : it 
is required to find the locus of S'. Let OS=p, then taking 
OS and OF as axes of y and x respectively, we have to elimi- 
nate a between py = 6* = a* ( I - e*) 

and a* + (y - io)* = 4aV. 

X 




k ^ 
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XXL Abridged Notation. 

1. The tangent at A has been shewn to be m)3 + ny=0. 
Take any point P in the tangent at A and draw perpendiculars 
PMf PN on AB and AC respectively. Then 

PM n sing 
'PN~ 



n 
m 



sin 7? 



and from the other tangents we deduce similar relations ; 

.*. ^ : m : n :: siuil : sin J? : sin (7, 

fluid the circumscribing circle is 

sin A » Py + BinB . yo + sin G . a/3 = 0. 

2. By (iv.) we see that la — m^ = is the line joining C 
to F the opposite point of contact, 

A 







m" FM^ FB.sinB 
cot -^ . sin -4 cos" -5 

cot -5 . sin ^ cor -^ 



10—2 
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The equation of the inscribed circle therefore is 

A 1^ B j^ (7 .- 

cos-^^a + cosg >/p+cos 2>/y=^0, 

3. Bj the method used in (2) we obtain 

I \ itk \ n w a I h X c\ 
•'. the ellipse required is 

4. (1) Jl-^Jp-^Jy = 0. 

^ ' V cos-i V cos -5 V C0S.C7 

5. Assume the circle to be 

then writing for a, x cos a + y sin a —p ; and similar expressions 
for )3 and y ; we obtain for the coefficient 

of a;' ^ cos" a + w* cos* /S + » cos' y (1), 

ofy" ^ sin' a -I- m sin* )8 + n sin* y (2), 

ofa^ ^ sin 2a + m sin 2/3 + n sin 2y (3), 

equating (1) and (2) and putting (3) equal to zero we have 

I cos 2a + m cos 2j3 + n cos 2y ~ 0, 
I sin 2a + m sin 2p + n sin 2y = ; 
- / _ m n 

"^^ 8in2 03-y)"8in:i(y-a)"5n2(a-i8)^ 

now j8 — y = TT — il, &c. 

.*. Z : m : n :: sin2^ : sin2^ : sin2C> 
and the circle is sin 2ila* + sin 2Bfi^ + sin 20-/ = 0. 

6. (1) Let Za + mfi + wy = be any line through (a^ , fi^ , y^), 
then 

^yi-7^x~r»i-«yi""«^i-^*/ 

{a, p, y) being any point in the line. 
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So if Ta + mip + w y = pass through (a,, jS,, y^ we have 

V m n 

If these lines intersect at right angles at (a, )3, y) we must 
substitute these values for Z : m : n, and ^ : m' : n in the 
condition of perpendicularity 

U + «*w' + nv! — {mn + mn) cos A — (n^ + nV) cos J? 

— {Jari + Tm) cos (7 = 0, 

w^hen we obtain the equation of the circle required if we make 
(a, Py y) current co-ordinates. 

(2) ap^y(ycosC-aoosA—P COS B). 

8. oa + 6j3 + cy being a constant, the terms involving 
second powers of the variables are left unaltered, therefore the 
equation represents a circle ; and it represents cmy circle, since 
we may give to ly m, n any values, that is to say we may make 
the circle satisfy three conditions which completely determine it. 

Writing two circles in the form 

aPy + bya + cafi = (aa + 6^ + cy) (Za + mj3 + Tiy), 
aPy + bya + cajS = (oa + 6)8 -I- cy) (Ta + mfi + » y), 

their radical axis is 

{l-l') a + {m-m') j8 + (»- w') y = 0. 

9. a cos il = y cos C, 

15. Apply (U). 

16. ifc = -2a. 
18. a = 6 = <?. 

22. Make a' = kjSy touch the line at infinity, 

26. -+-=- + - = 0. 
a c 

26. The general equation 

Aa' + Bp'-i-C'/+2FPy'^2Gya + 2EaP = Q 
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may be written 

(A B C \ 

-.0+ J- .^+ -.yj = 0. 

See XXI. 8. 

Equating coefficients of )3y, ya, afi we obtain 

Ab' + Ba' - 2abH = Be' + CT' - 26c/' 

^Ca' + A(^~2caG, 
as the conditions required. 

27. Make the tangent at (04, jS^, y^), 

identical with the line at infinity. 

The result is expressed by the determinant 

A M G a 

H B F h 

G F G c 

a b c 



= 0. 



28. Let a^, P^f y, be the co-ordinates of the centre of tbe 

conic. 

CI— fit j8"-"i3 V""V 
Let — r— • « - — =-2 = I — Ls s r be the equation of an asymp- 

tota 

Substituting 

a = a^4-Xr, P = fi^-^ fir, y--y^ + vt in /(a, )8, y) = 0, 

we obtain an equation in r of the form 

Fr^+Qr-¥S = (1), 

where F is found to be /(X, ft, v), i. e. the left-hand member 
of the general equation of the second degree with X, fi^ v 
substituted for the current co-ordinates; Q and iS' being functions 

o^«o> A» Jot K fhv. 

Writing (1) in the form 
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and making r infinite since it represents an aBymptote, we 
obtain P=0, ory*(X, /i, v) = 0; an equation of the second 
degree which determines the direction-cosines of the asymp- 
tote& 

29. Writing cos a, cos /3, cos y for X, ft, v, we have by (28) 

A cos'a + B cos* j8 + C7 cos'y + 2^cos^ 6osy + 20^ cosy cosa 

+ 2/'cosacosj3 = (1). 

But since the asymptotes are at right angles, (1) must be 
true if for a, fi, y, we write 

2+«> 2"^^' 2"*"^* 
Adding the result of substitution to (1) and remembering that 
)8 - y = IT — -4, &c., we get the condition required. 

30. . The condition that the curve should be an equilateral 
hyperbola will be found to be the same as that which makes it 
pass through the point sec ^ : sec ^ : sec C. 

33. a'-i8' = A;(/-a*). 

34. The conic must be of the form 

also of the form 

(^a + mfi + ny) {I'a + mf0 + » y) = (aa + 5)3 + cy)*, 

and must bo an equilateral hyperbola which gives another 
relation. 

These equations will give the condition required, and will 
shew that the other asymptote is 

-J a + — )8 + — y = 0. 



I m n 
36. The other asymptote is 
. fn m l\ /^ » w*\ o . ^^ . ^ ^\ n 
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The condition that the hyperbola should be rectangular is 

+ -; + r-, = 0. 



bn — cm d — an am—bl 
XXII. Envelopes. 



1 ^ ^/ ^\ 



2. «y = j. 

3. a^ -2x9/ + 9/-^2kx-2h/ + 1^ = 0. 

4. The parabola 

6. Let the straight line be 

oj cos a 4- y sin a = j[? ; 
then p is found f ror the equation 

2p* + 2p {g cos a +/sin a) + c = 0. 
See XX. 14. 

Substitute from this equation for j9; when we obtain as tHe 
envelope of 

—(a cos a +/sin a) ± J(g cos a +/sin a)'— 2g 
a; cos a + y sin o = —^ — ~^ — ■ — » 

the equation 

7. ' aV + V^ + <?y* - 2a6aj3 - 2hcpy - 2caya = 0. 

8. The locus is the same as (7). Use paa + qbfi + rcy = as 
the equation of the straight line. 

9. aV = b^fi^ + c*y*, or one of the two similar equations. 

I »i ■ ■ . I II ■ ■ ■ .»— — — ^ 
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THE EXPEDITION OF XERXES, Edited by A. H. 
Cooke, B.A., Fellow of King** College, Cambridge. 

[Ready. 

THB GBBfiK BlaEOIAC POBTS. Selected and Edited by Rev. 
Hkkbert Kyn ASTON, M.A., Principal of Cheltenham Col- 
lege, and formerly Fellow of St. John's College, Cambridge. 

[Ready. 

HOBXER'S ILIAD. Bpok XVIIt. THE ARMS OF ACHIL- 
LES, Edited by S. R. James, B. A., Scholar of Trinity Col- 
lege, Cambridge, and Assistant-Master at Eton. [2n preparation, 
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VA&GII.. THE SECOND GEORGIC. Edited by Rev. J. H. 
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HORACE. SELECTIONS FROM THE EPISTLES AND 
SATIRES. Edited by Rev. W. J. F. V. Baker, B.A., 
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VIU^TO—EUTHYPHRO AND MENEXENUS, Edited by 
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Fellow and Tutor of New College, Oxford. With Map. 31. 6d, 

OATUIaLUS— SfiliECT POEMS. Edited by P. P. Simpson, 
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revised Edition, ^s, 

OICERO— THE SECOND PHILIPPXO ORATION. From 
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Books XXI. and XXII. Edited by the Rev. W. W. 
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York. 6^. 
OVID— FASTI. Edited by G. H. Hallam, M.A., Fellow of 
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M.A., Fellow and Professor of Greek in Trinity College, Dublin. 
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B. Mayor. With Life of Pliny, by G. H. Rendall, M.A. 
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THE ANNAJLB, Book VI. By the same Editon. 2J. td. 

TERBNOB—BAUTON TIBfORUMBMOS. Edited by £. S. 
Shuckburgh, M.A., Assistant-Master at Eton College. 3^. 
With Translation, 4r. 6d, 

PHORMIO. Edited by Rev. John Bond, M.A., and 
A. S. Walpole, B.A. 4f. 6d, 

THT7CYDZDES — THE SICILIAN EXPEDITION, Books 
VI. and VII. Edited by the Rev. Percival Frost, M. A., 
Late Fellow of St. John's College, Cambridge. New edition, 
revised and enlarged, with Map. $/. 

ZBNOPHON— HBZiLBNICA, Books I. and II. Edited by 
H. Hailstone, B.A., late Scholar of Peterhonse, Cambridge. 
With Map. 4r. 6d. 

CYROPJEDIA, Books VII. and VIII. Edited by Alfred 
Goodwin, M.A., Professor of Greek in University College, 
London. 5^. 

MEMORABILIA 80CRATI8. Edited by A. R. Cluer, 
B.A. Balliol College, Oxford. 6j. 

THB ANABASIS— Books Z. to IV. Edited iKith Notes by 
Professors W. W. Goodwin and J. W. White. Adapted to 
Goodwin's Greek Grammar. With a Map. Fcap. 8vo. 5^. 

7^ following are in preparation .^— 

iBSCHINES— IN CTESIPHONTEM. Edited by Rev. T. 
GWATKIN, M. A., late Fellow of St. John's College, Cambridge. 

[In the press, 

CICERO— PRO P. SESTIO. Edited by Rev. H. A. Holden, 
M.A., LL.D., Head-Master of Ipswich School, late Fellow 
and Assistant Tutor of Trinity College, Cambridge, Editor 
of Aristophanes, &c. 

DEMOSTHENES— PIRST PHILIPPIC. Edited by Rev. 
T. GwATKiNy M.A., late Fellow of St. John's College, 
Cambridge. 
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ADVERSUS I.EPTINEM. Edited by Rev. J. R. KiNG, 
M. A., Fellow and Tutor of Oriel College, Oxford. 
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BURXPZDEB — SEIaECT PUiYS, by various Editors. 

ALCESTIS. Edited by J. E. C. Welldon, B.A., Fellow 

and Lecturer of King's College, Cambridge. 

BAOOHAB. Edited by E. S. Shuckbu&gh, M.A., AssisUnt- 

Master at Eton College. 

HIPPOLYTU8. Edited by Rev. J. P. Mahafpy, M.A., 

Fellow and Tutor of Trinity College, Dublin. [/« the press, 

BKEDBA. Edited by A. W. Verrall, M.A., Fellow and 

Lecturer of Trinity College, Cambridge. 
HERODOTUS— THE IHVASION OF GREECE BY XERXES. 

Books VII. and VIII. Edited by THOMAS Case, M.A., 

formerly Fellow of Brasenose College, Oxford. 

HOMER'S ODYSSEY-Books XXI.— XXIV. Edited by S. G. 
HAinLTON, B.A., Fellow of Hertford College, Oxford. 

HORACE— THE ODES. Edited by T. E. PAGE, M. A., Master at 
Charterhouse and late Fellow of St. John's College, Cambridge. 
THE SATIRES, Edited by Arthur Palmer, M.A., 
Fellow and Professor of Latin in Trinity College, Dublin. 

I.IVY— Books XXIII. and XXIV. Edited by Rev. W. W. 
Capes, M.A. 

Books II. and III. Edited by Rev. H. M. Stephenson, 
M.A., Head-Master of St. Peter's School, York. 
THE SAMNITE WARS as narrated in the First Decade of 
Livy. Edited by Rev, T. H. Stokok, D.D., Lincoln College, 
Oxford, Head- Master of King's College School, London. 

X.YSIAS— SELECT ORATIONS. Edited by E. S. SHUCK- 
BU&GH, M.A., Assistant-Master at Eton College. [/« the press. 

PLATO— FOUR DIALOGUES ON THE TRIAL AND 
DEATH of SOCRATES, viz.^ BUTHYPHRO, APO- 
LOGY, CRITO, AND PHiEDO. Edited by C. W. MouLE, 
M.A., Fellow and Tutor of Corpus Christi College, Cambridge. 

SOPHOCLES— ANTIGONE. Edited by Rev. JOHN BoND, 
M.A., and A. S. Walpole, B.A. 
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SUETONIUS— LIVES OF THE ROMAN BMEFSaORS.- 

Selected and Edited by H. F. G. Bramwell, B.A., Junior 
Student of Christ Church, Oxford. 
TACITUS— THE HISTORY. Books I. And II, Edited by C. 
£. Graves, M.A. 

THUCYDIDBS— Books I. s&d II. Edited by H. Broadbent, 
M.A., Fellow of Exeter College, Oxford, and Assistant- 
Idaster at Eton College. 

Books IV. and V. Edited by C. E. Graves, M. A., Classical 
Lecturer, and late Fellow of St. John's College, Cambridge. 

VIRGIIi— iENBID, II. and III. The Narrative of i^nea^. 
Edited by E. W. HowsoN, B.A., Fellow of Kin-j's 
College, Cambridge. 

Other volumes will follow. 
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JBSOHVIiUS— TWiS EUMENIDES, The Greek Text, with 
Introduction, English Notes, and Vene Translation. By 
Bernard Drake, M.A., late Fellow of King's College, 
Cambridge. 8vo. 5j. 

THE ORES TE IAN TRILOGY. Edited with Introduction 
and Notes, by A. O. Prickard, M. A., Fellow and Tutor of 
New College, Oxford. 8vo. \In preparation, 

AnAWB— THE SKIES AND WEATHER-FORECASTS 
OF ARATUS, Translated with Notes by E. Poste, M.A., 
Oriel College, Oxford. Crown 8vo. 3^. 6cl. 

ikRISTOTLB— ^AT INTRODUCTION TO ARISTOTLE^S 
RHETORIC, With Analysis, Notes and Appendices. By 
E. M. Cope, Fellow and Tutor of Trinity Collie, Cambridge, 
8vOi 14J. 

ARISTOTLE ON FALLACIES; OR, THE SOPHISTICl 
ELENCHL With Translation and Notes by E. Poste, M.A. 
Fellow of Oriel College, Oxford. 8vo. Zs, 6d, 

THE METAPHYSICS, BOOK I, Translated by a Cam- 
bridge Graduate. 8vo. 5^. 

THE POLITICS. Edited, after Susemiip., byR. D. Hicks, 
M.A., Fellow of Trinity College, Cambridge. 8vo. 

[/;/ preparation. 
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-ARISTOTLE Continued-^ 

THE POLITICS. Translated by J. E. C. Welldon, B.A., 
Fellow of King's College, Cambridge. 8vo. [In preparation, 

ARIBTOPBANE8— T:^^ BIRDS, Translated into English 

Verse, with Introduction, Notes, and Appendices, by B. H. 

Kennedy, D.D., R^ns Professor of Greek in the University 

of Cambridge. Crown 8to. 6j. Help-Notes to the same, 

for the use of Students, is, 6d, 

ARNOLD—^ HANDBOOK OF LATIN EPTGRAPHY— 
By W. T. Arnold, B.A \In preparation, 

THE ROMAN SYSTEM OF PROVINCIAL AD^ 
MINISTRATION TO THE ACCESSION OF CON- 
ST ANTINE THE GREAT. By the Same Author. 

Crown 8vo. 6j. 

''Ought to prove a valuable handbook to the Student of Roman His- 
tory." — Guardian. 

BELCHER— ^^O^r EXERCISES IN LATIN PROSE 
COMPOSITION AND EXAMINATION PAPERS IN 
LATIN GRAMMAR^ to which is prefixed a Chapter on 
Analysis of Sentences. By the Rev. H. Belcher, M.A., 
Assistant Master in King's College School, London. New 

Edition. i8mo. \s, 6d. 
Key to the above (for Teachers only). 2s. 6d, 

SHORT EXERCISES IN LATIN PROSE COMPOSI- 
TION, PART ILy On the Syntax of Sentences, with an 
Appendix including, EXERCISES IN LA TIN IDIOMS^ 
&*c, i8mo. 2j. 

BlMAOKlS^GREEir AND ENGLISH DIALOGUES FOR 
USE IN SCHOOLS AND COLLEGES. By John 
Stuart Blackie, Professor of Greek in the Univeisity of 
Edinburgh. New Edition. Fcap. 8vo. 2f. 6</. 

OICBRO— THE A CADEMICA. The Text revised and explained 

by James Reid, M.A., Fellow of Cains Coll^;e^ Cambridge. 

New Edition. With Translation. 8va [In the press. 

THE ACADEMICS. Translated by James S. Reid, M.A. 
8vo. $s. 6d, 

SELECT LETTERS.— After the Edition of Albert 
Watson, M.A. Translated by G. E. Jeans, M.A., Fellow 
of Hertford College, Oxford, and Assistant-Master at Hailey- 
bury. 8vo. loj. 6d. 
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OrjASBZCAIi WRZTBR8. Edited by J. R. Grken, M.A. 
Fcap. Svo. i^. 6^. each. 

A Series of small volumes upon some of the principal 
classical writers, whose works form subjects of study in our 
Schools. 

E URTPIDRS, By Professor J. P. Mahapfv. \Ready, 

LIVY. By Rev. W. W. Capes, M.A- \Ready, 

SOPHOCLES. By Prof. Lewis Campbell. . [Ready. 

VRRGTL. By Professor H. Nettleship. [Ready. 
DEMOSTHENES. By S. H. Butcher, M.A. ] 

CICERO. By Professor A. S. Wilkins. [ In 
TACITUS. By Messrs. Church &Brodribb. (preparation. 
HERODOTUS, By James Bryce, M.A. J 

muimis-^practical hints on the quantitative 

PRONUNCIATION OF LATIN, for the use of Classical 
Teachers and Linguists. By A. J. Ellis, B.A.» F.R.S. 
Extra fcap. Svo. 4^. 6d, 

BNGImANI}— EXERCISES ON LATIN SYNTAX AND 
IDIOM, ARRANGED WITH REFERENCE TO 
ROBY'S SCHOOL LATIN GRAMMAR. By E. B. 
England, M.A., Assistant Lecturer at the Owens College, 
Manchester. Crown Svo. \In the press. 

EURI PI DSS— MEDEA. Edited, with Introduction and Notes, by 
A. W. Vkrrall, M.A., Fellow and Lecturer of Trinity 
CoIIe;^e, Cambridge. Svo. \In the press 

QEDDES— r/TiS PROBLEM OF THE HOMERIC POEMS 
By W. D. Geddes, Professor of Greek in the University oJ 
Aberdeen. Svo. 14J. 

GliADSTONB— Works by the Rt Hon. W. E. Gladstone, M.P. 
JUVENTUS MUNDI; or, Gods and Men of the Heroic 
Age. Second Edition. Crown Svo. lOf. 6flf. 
THE TIME AND PLACE OF HOMER, Crown Svn 

A PRIMER OF HOMER, iSmo. u. 
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OOOD^criN— Works by W. W. GooDWlN, Professor of Gieek in 
Harvard University, U.S.A. 

SYNTAX OF THE MOODS AND TENSES OF THE 
GREEK VERB. New Edition, revised. Grown 8vo. 

AN ELEMENTARY GREEK GRAMMAR. New Edition, 

revised. Crown 8vo. df. 

" It is the best Greek Grammar o£ its site in the English language."— 
Aiherutunt, ■ 

A GREEK GRAMMAR FOR SCHOOLS, [In preparation. 

GOODWIN-^ TEXT-BOOK OF GREEK PHILOSOPHY, 
based on Ritter and Preller's "Historia Philosophiae 
Graecae et Romanae." By Alfred Goodwin, M. A. Fellowr 
of Balliol College, Oxford, and Professor of Greek in 
University College, London- 8vo. [In preparation, 

aBMBVrwOOU^THE ELEMENTS OF GREEK GRAM- 
MAR, including Accidence, Iiregular Verbs, and Principles of 
Derivation and Composition ; adapted to the System of Cmde 
Forms. By J. G. Greenwood^ Principal of Owens College, 
Manchester. New Edition. Crown 8vo. Ss. 6d. 

HBRODOTUSy Boolui I.— HI.— TW-fi EMPIRES OF THE 
EAST Edited, with Notes and Introductions, by A. H. 
Saycs, M.A., Fellow and Tutor of Queen's College, Oxford, 
and Deputy-Professor of Comparative Philology. 8vo. 

[In preparation. 

UOl^aBOV -MYTHOLOGY FOR LATIN VERSIFICA- 
TION. A brief Sketch of the Fables of the Andents, 
prepared to be rendered into Latin Verse for Schools. By 
F. Hodgson, B.D., late Provost of Eton. New Edition, 
revised by F. C. Hodgson, M.A. i8mo. 31. 

HOBKBR— TZTiS ODYSSEY. Done into English by S. H. 
BuTCHSB, M.A., Fellow of University College, Oxford, and 
And&bw Lang, M.A., late Fellow of Merton College, Oxford. 
Second Edition, revised and corrected, with new Introduction, 
additional Notes and Illustrations. Crown 8vo. iCif. 6d, 
THE ILIAD, Edited, with Introduction and Notes, by 
Walter Leaf, M. A., Fellow of Trinity College, Cambridge, 
and the late J. H. Pratt, MA. Svo. [Tn preparation. 
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BOKEBZO DZCnonrART. For Use in Schools and Colleges. 
Translated from the German of Dr. G. Autenreith, with 
Additions ud Corrections by R. P. KsMf, Ph.D. With 
numerous Illustrations. Crown 8vo. 6s, 

HORACE— rzr^ WORKS OF HORACE^ rendered into 
English Prose, with Introductions, Running Analysis, and 
Notes, by J. LoNSDALB» M.A., and S. I.KK, M.A. Globe 
8vo. 3^. 6d. 

THE ODES OF HORACE IN A METRICAL PARA- 
PHRASE. By R. M. Hovenden. Extra fcap. 8vo. 4J. 

HORACE'S LIFE AND CHARACTER. An Epitome of 
his Satires and Epistles. By R. M. Hovbndsn. Extra fcap. 
8va 4i. 6d, 

WORD FOR WORD FROM HORACE. The Odes 
literally Versified. By W. T. Thornton, Cf.B. Crowo 
8vo. is. 6d, 

JACHSOK— FIRST STEPS TO GREEK PROSE COM- 
POSITION. By Blomfield Jacicson, M.A. Assistant- 
Master in King^s College School, London. New Edition 
revised and enlarged. i8mo, is, 6ii, 

KEY TO FIRST STEPS, [Immediately. 

SECOND STEPS TO GREEK PROSE COMPOSITION, 
with Miscellaneous Idioms, Aids to Accentuation, and Exami- 
nation Papers in.Greek Scholarship. iSmo. 2s. 6d. 

^*^^ A Key to both Parts, for the use of Teachers only, is in 

preparation. 

JACKSON—^ MANUAL OF GREEK PHILOSOPHY. By 
Hbney Jackson, M.A., Fellow and Prselector in Ancient 
Philosophy, Trinity College, Cambridge. [In proration. 

JBBB — Works by R. C Jebb, M.A., Professor of Greek in the 

University of Glasgow. 

THE ATTIC ORATORS FROM ANTIPHON TO 
ISAEOS. 2 vols. 8vo. 25^. 

SELECTIONS PROM THE A TTIC OR A TORS, ANTI- 
PHON, ANDOKIDES, LYSIAS, ISOKRATES, AND 
ISALOS. Edited, with Notes. IJcing a companion volume to 
the preceding work. 8vo. 12s. dd. 
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JEBB Continued — 

THE CHARACTERS OF THEOPHRASTUS. Translated 
from a revised Tesct, with Introdactum and Notes. Extra fcap. 
Sto. dr. 6a. 

A PRIMER OF GREEK UTERA TURE. i8mo. ii. 

A HISTORY OF GREEK UTERA TURE, Crown 8yo. 

[In preparation, 

iJTTBXlAJ.— THIRTEEN SATIRES OF JUVENAL. V^th 
a Commentary. By John £. B. BiAYOR, M.A., Kennedy 
Professor of Latin at Cambridge. Vol. I. Second Edition, 
enlarged. Crown Svo. 7^. 6d, Vol. XL Crown 8vo. iQr. fid, 

** For really ripe scholarship, extensive acquaintance with Latin litera- 
ture, and familiar knowledge of continental criticism, ancient and modem, 
it is unsurpassed amonz £nglish editions." — Pkop. Conington in 
"Edinburgh Review.' 

" Mr. Mayor's work is beyond the reach of common literary compli- 
ment. It is not only a commentary on Juvenal, but a mine of the most 
valuable and interesting inforaiation on the history, social condition, 
manners, and beliefs of the Roman world during the period of the early 
Empire." — Prof. Nettlkship in the "Academy. * 

" Scarcely any valuable contribution that has beenhitherto made to the 
interpretation oi Juvenal will be sought in vain in this commentary .... 
This excellent work meets the long felt want of a commentary to Juvenal 
on a level with the demands of modem science." — Prof. Friedlandsr 

OF KoNIGSBBRC IN " JaHRBSBERICKT F&R AlTERTHUMSWISSBNSCHAPT." 



Kl-EP-BBT— MANUAL OF ANCIENT GEOGRAPHY^ 
Translated from the German of Dr. Heinrich Kiepert. 
Crown Svo. $s. 

KTraJLOTOK— EXERCISES IN THE COMPOSITION OP 
GREEK IAMBIC VERSE by Translations from English 
Dramatists. By Rev. H. Kynaston, M.A., Principal or 
Cheltenham College. With Introduction, Vocabulary, &c. 
Extra Fcap. 8vo. 41. 6d. 

KEY TO THE SAME (for Teachers only). Extra fcap. 
Svo. 4f. dd, 

EXEMPLARIA CHELTONIENSIA : sive quae discipulis 
suis Carmina identidem Latine reddenda proposuit ipse red- 
didit ex cathedra dictavit Herbert Kynaston, M.A.y 
Principal of Cheltenham College. Extra fcap. Svo. ^s. 
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UVY, Books 3UCI.— ZZV. Translated by A. J. Church, 
M.A., and W. J. Brodribb, M. A. [In preparation. 

EmImOY-D—THE age of PERICLES. A Hktory of the 
Politics and Arts of Greece from the Persian to the Pelopon- 
nesianWar. By William Watkiss Lloyd. avoU. 8va ai/. 

VUlOVLIWULN^FIRST latin GRAMMAR. By M. C. 
Macmillan, M.A., latetScholar of Christ's College, Cambridge, 
Assistant Master in St Paul's School i8mo. is, 6a. 

MAHAFFY— Works by J. P. Mahaffy, M.A.y Professor of 
Ancient History in Trinity College^ DubliiL 

SOCIAL LIFE IN GREECE; fix>m Homer to Menander. 
Fourth Edition, revised and enlarged. Crown 8vo. 91. 

RAMBLES AND STUDIES IN GREECE. With lUus- 
trations. Second Edition. With Map^ Crown 8vo. lOf. dd, 

A PRIMER OF GREEK ANTIQUITIES. With Illus 
trations. i8mo. \s. 

EURIPIDES. i8mo. \i.6d. 

MAR8HAI.XI — ^ TABLE OF IRREGULAR GREEK 
VERBS^ classified according to the arrangement of Curtius 
Greek Grammar. By J. M. Marshall, M.A., one of the 
Masters in Clifton College. 8vo. doth. New Edition, is. 

VLikXLTlAlM—SELECT EPIGRAMS FROM MARTIAL FOR 
ENGLISH READERS. Translated by W. T. Webb, 
M.A., Professor of History and Political Economy, Presidency 
College, Calcutta. Extra fcap. 8vo. 4f. 6d. 

BOOKS I. AND IL OF THE EPIGRAMS. Edited, 
with Introduction and Notes, by Professor }. E. B. Mayor, 
M.A. 8vo. \In the press. 

BIAYOR (JOHN B. -B.^-FIRST GREEK READER. Edited 
after Karl Halm, with Corrections and large Additions by 
Professor John £. B. Mayor, M.A., Fellow of St John's 
Coll^e^ Cambridge. New Edition, rerised. Fcap. 8vo> 
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MAYOR Continued-^ 

BIBLIOGRAPHICAL CLUB TO LATIN LITBRA^ 

TUBE, Edited after Hubnbb, with large Additions by 
Professor John E. B. Mayor. Crown 8vo. los, 6d. 

MAYOB (J08BPR ^.y-GREEK FOR BEGINNERS, By 

the Rev. J. B. Mayor, M. A., I^fessor of Classical literature 
in King's College, London. Part I., with Vocabulary, is. 6d. 
Parts II. and III., with Vocabulary and Index, y, 6d. com- 
plete in one VoL New Edition. Fcap. 8vo. doth. 41. 6d, 

KtKOft—PARALLEL EXTRACTS arranged for translation 
into English and Latin, with Notes on Idioms. By J. E. 
Nixon, M.A., Fellow and Clasacal Lecturer, King's College, 
Cambridge. Part I. — Historical and Epistolaiy. New Edition, 
revised and enlarged. Crown 8vo. 35. 6d, 

PEILB (JOHN, M.A.)— ^A^ INTRODUCTION TO GREEK 
AND LATIN ETYMOLOGY. By John Peile, M.A., 
Fellow and Tutor of Christ's College, Cambridge, formerly 
Teacher of Sanskrit in the University of Cambridge. Third 
and Revised Edition. Crown 8vo. los. 6d. 
A PRIMER OF PHILOLOGY. By the same Author. 
i8mo. I/. 

PIKHAU—THE EXTANT ODES OF PINDAR. Translated 
into English, with an Introduction and short Notes, by Ernest 
Myers, M.A., Fellow of Wadham College, Oxford. Crown 
8va p, 

PTmATO— THE REPUBLIC OF PLATO. Translated into 
English, with an Analysis and Notes, by J. Ll. Davibs/ 
M.A., and D. J. Vaughan, M.A. New Edition, with 
Vignette Portraits of Plato and Socrates, engraved by Jsxns 
from an Antique Gem. i8mo. fr. 6a. 

PHILEBUS. Edited, with Inbroductioli and Notes, by 
Henry Jackson, M.A., Fellow of Trinity College, Cambridge. 
8vo. [In preparation. 

THE TRIAL AND DEATH OF SOCRATES, Bemg 
the Euthyphro, Apology, Crito, and Phaedo of Plato. Trans- 
lated by F. J. Church. Crown 8vo. 4J. 6d, 
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FtuLvrvm—rifE mostellaria of plautus. with 

Notes, Prolegomena, and Excunus. B7 William Ramsay, 
M.A., fonaerly Professor of Humanity in the Uniyersity oi 
Glasgow. Edited by Professor Gsorgk G. Ramsay, M.A.» 
of the University of Glasgow. 8va 14/. 

POTTS (A. W.j M.A.)— -Works by Albxandbr W. Potts, 
M.A., LL.D., late Fellow of St John's College, Cambridge ; 
Head Master of the Fettes College, Edinbtugh. 

HINTS TOWARDS LATIN PROSE COMPOSITION 
New Edition. Extra fcap. 8va 31. 

PASSAGES FOR TRANSLATION INTO LATIN 
PROSE. Edited with Notes and References to the above. 
Extra fcap, 8vo. 2s, 

LATIN VERSIONS OF PASSAGES FOR TRANSLA- 
TION INTO LA TIN PROSE, For Teachers only. 2J. 6^/. 

EXERCISES IN LATIN PROSE, With Introduction, 
Notes, &c., for the Middle Forms of Schools. Extra fcap. 8vo. 

[In preparaiion, 

ROBY— ^ GRAMMAR OF THE LATIN LANGUAGE, from 
Plautns to Suetonius. By H. J. RoBY, M.A., late Fellow of 
St. John's College, Cambridge. In Two Parts. Third Edition. 
Part L containing : — Book I. Sounds. Book II. Inflexions. 
Book IIL Word-formation. Appendices. Crown 8vo. 8j. 6d, 
Part 11. — Syntax, Prepositions, && Crown 8va lar. 6d. 



"Marked by the dear and practised insight of a master ia his art 
would do nonour to any country. "-—ATHKNiBUM. 



A book that 



SCHOOL LATIN GRAMMAR. By the same Author. 
Crown 8vo. 5^. 

EJJBJL—SYNIHETIC LATIN DELECTUS. A First Latin 
Construing Book arranged on the Principles of Grammatical 
Analysis, With Notes and Vocabulary. By E. Rush, B.A. 
With Preface by the Rev. W. F. Moulton, M.A., D.D. 
Extn fcap. 8vo. 2f . 

WLVBT— FIRST STEPS TO LA TIN PROSE COMPOSITION 
By the Rev. G. Rust, M.A. of Pembroke College, Oxford, 
Master of the Lower School, King's College, London. New 
Edition. i8mo. Ix. 6ef. 
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RUTHERFORD—^ FJRST GREEK GRAMMAR. ByW.G. 
RuTHS&FORD, M.A., Assistant Master in St. Paul's School, 
London. New Edition, enlarged. Extra fcap. 8yo. is, 6d. 

SBEIJSY— itf PRIMER OF LATIN LITERATURE. By 
Prof. J. R. Skklby. [In preparation, 

KlVLPSOK— PROGRESSIVE EXERCISES IN LATIN 

PROSE COMPOSITION, Founded on Passages selected 

from Cicero, Livy, &c. By F. P. Simpson, B.A,, of Balliol 

College, Oxford. [In preparation, 

rKOrran— COMPLETE WORKS TRANSLATED, By A. J. 
Church, M.A., and W. J. Brodribb, M.A. 

THE HISTORY, With Notes and a Map. New Edition. 
Crown 8va 6s, 

THE ANNALS, With Notes and Maps. New Edition. 
Crown 8yo. Is, 6^ 

THE AGRICOLA AND GERMANY, WITH THE 
DIALOGUE ON ORATORY, With Maps and Notes. 
New and Revised Edition. Crown Sva 41. 6d, 

rHEOCRITUS, BION and MOSCHUS. Rendered into 
English Prose with Introductory Essay by Andrew Lang, 
M.A. Crown 8vo. dr. 

THBOPHRASTUS— 7*/^ CHARACTERS OB THEO- 
PHRASTUS. An English Translation from a Revised Text. 
With Introduction and Notes. By R. C Jsbb, M.A., Pro- 
fessor of Greek hi the University of Glasgow. Extra fcap. 8to. 
6s. td. 

THRINO— Works by the Rev. £. Thring, M.A., Head- 
Master of Uppingham SchooL 

A LATIN GRADUAL, A First Latin Construing Book 
for Beginners. New Edition, enlarged, with Coloured Sentence 
Maps. Fcap. 8vo. 2s, 6d, 

A MANUAL OF MOOD CONSTRUCTIONS. Fcap. 

8vo. IS, dd. 

A CONSTRUING BOOK. Fcap. 8va ». 6d, 
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VltfGII.— TWiiS WORKS OF VIRGIL RENDERMJJ Il^TO 
ENGLISH PROSE, with Notes, Introductions, Running 
Analysis, and an Index, by James Lonsdau^ M.A., and 
Samuel Lee, M.A. New Edition. Globe Sva 31. 6d. 

wniTB—FIRST LESSONS IN GREEK. Adapted to Good- 
win's Greek Grammar, and designed as an introduction to the 
Anabasis of Xenophon. By John Williams White, Ph.D., 
Assistant-Prof, of Greek in Harvard University.' Crown 8vo. 

WXX.KINS— i4 PRIMER OP ROMAN ANTIQUITIES. By 
A. S. WiLKiNS, M.A., Professor of Latin in the Owens 
College^ Manchester. With Illustrations. i8mo. \s. 

WRIGHT— Works by J. Wright, M. A., late Head Master of 
Sutton Coldfield School 

HELLENICA; OR, A HISTORY OP GREECE IN 
GREEK, as related by Diodorus and Thucydides ; being a 
First Greek Reading Book, with explanatory Notes, Critical 
and Hblorical. New Edition with a Vocabulary, Fcap. 8vo. 

A HELP TO LATIN GRAMMAR; or. The Form 
and Use of Words in Latin, with Progressive Exercises. 
Crown 8va 4;. 6dC 

THE SEVEN KINGS OP ROME. An Easy Narrative, 
abridged from the First Book of livy by the omission of 
Difficult Passages; being a First Latin Reading Book, with 
Grammatical Notes and Vocabulary. New and revised 
edition. Fcap. 8vo. y. 6d, 

PIRST LATIN STEPS; OR, AN INTRODUCTION 
BY A SERIES OP EXAMPLES TO THE STUDY 
OP THE LA TIN LANGUA GE. Crown 8vo. 5^. 

ATTIC PRIMER. Arranged for the Use of Beginnen. 
Extra fcap. 8vo. 4J. 6d. 

A COMPLETE LATIN COURSE, comprising Rules with 
Examples, Exercises, both Latin and English, on each Rule, 
and Vocabularies. Crown 8vo. 4J. 6d, 
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MATHEMATICS. 

AIRY-^-Woiki bf S» G. B. Airy, ICCB., AsbDoiioiner 
Royal h- 

ELBMBNTARY TREATISE ON PARTIAL DIP- 
FERENTIAl, EQUATIONS. Designed for the Use of 
Stndeiii3 in the Umversities, WithDiagnum. Second Edition. 
Crow9 8vo. 5j. M 

ON THE ALGEBRAICAL AND NUMERICAL 
THEORY OF ERRORS OF OBSERVATIONS AN£> 
THE COMBINATION OF OBSERVATIONS. Seoofid 
Edition, revised. Crown Stoi 6r. ttL 

UNDULATORY THEORY OF OPTICS. Designed for 
the Use of Students ia the Universitj. Neur Edition. Cidwii 
Sva 6f. d^ 

ON SOUND AND ATMOSPHERIC VIBRATIONS. 
With the Mathematical Elements of Music. Designed for the 
Use of Students in the Univecsitj. Second Edition, Revised 
and ^nkiged. Crown 8vo. 91 • 

A TREATISE OF MAGNETISM. Designed for the Use 
of Students in the University. Crown 8vo. 91. 6d. 

AZBY (OBW9ni>h-A TREATISE ON GEOMETRICAL 
OPTICS. Adapted for the use of the Higher Classes In 
Schools. By Osmund Airt, B.A., one of the Mathematical 
Masters in Wdlington Colle|^ Extra f cap. 8vo. 31. ^, 

BAYjaA^THE ELEMENTS OF MOLECULAR MECHA- 
NICS, By Joseph Bayma, S J., Professor of Philosophy, 
Stonyhurst College. Demy .8va lOir. 6d. 

BZAMf^r^AN ELEMENTARY TREATISE ON PLANE 
TRIGONOMETRY. With l^bon^ples. ByR. P. Bjcaslky, 
M.A., Head Master of Grantjiam firammar School. Fifth 
Edition, revised and enlarged. Crown 8va 3x. 6d. 

BI^OKBURN {•BJJO^) ^ ELEME/^T$ OF PLANE 
TRIGONOMETRY^ for the use of the Junior Class in 
Mathematics in the University of Glasgow. By Hugh 
Blackburn, M. A, Professor of Matiiematics in the Univer- 
sity of Glasgow. Globe Sva is, 6d. 
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BOOIiB— Works by G. £ooLE, D.C.L., F.R.S., late ProCessoi 
of Mathemarics in the Queen's University, Ireland. 
A TREATISE ON DIFFERENTIAL EQUATIONS. 
Third and Revised Edition. Edited by I. Tdduuntke. Crown 
8vo. 14J. 

A TREATISE ON DIFFERENTIAL EQUATIONS. 
Snpplenvciitarir Vplunie. Edited by L Todhuntsiu Crown 
9vQ. &. 6d. 

THE CALCULUS OF FINITE DIFFERENCES. 
Crown 8vo. lOf. &/. Third Edition, revised by J. F. 

MOULTON. 



Sj^ITH {,Z.\^ARITHMETIC IN THEORY AND 
PRACTICE. By J. B^ook-Smith, M.A., LL.B., St. 
John's College, Cambridge ; Barrister-at-Law ; one of the 
Master* ^f Cheltenham CoUeget New Editioq, i^evi^e^* 
Crown 8va 4j. td, 

CAMBRIDGE BENATE-HOU8B PROBLBMB and RIDBR&t 
WITH SOIiUTIONSi— 

\%1^^FRQBLEMS AND RIDERS. By A. XJr. Giut£i?HiLL, 
M.A. Crown 8vo. %s. tcU 

\%*lttSOLUTIONS OF SENATE-HOUSE Fi^OBLfiMS. 
By the Mathematical Moderators and Examiners. Edited by 
J. ^. L. Qlaxshbr, M.A., Fellow of Trinity CoUqge, 
Cambndge. 12s, 

QAXa^tdEM.—HELF TO ARITHMETIC. Designed for the 
use of Schools. By H. Candler, M.A., Mathematical 
Master of Uppingham School. Extra fisap. 8vo 2s. td. 

CHByNB— ^^ ELEMENTARY TREATISE ON THE 
PLANETARY THEORY. By C. H. H. Cheyne, M.A., 
F.R.A.S. With a Collection of Problems. Second Edition. 
Crown 8vQ. 6s. 6d. 

OHRISTIB— ^ COLLECTION OF ELEMENTARY TEST 
QUESTIONS IN PURE AND MIXED MATHE^ 
MA TICS ; with A/iswers and Appendices on Synthetic 
Division, and on the Solution of Numerical Equations by 
Qonacir'^ ]^^[ethod. By James ]EL Ch&istis, F.R.S., Hoyal 
Military Academy, Woolwich. Cro>m 8vo. 8^. (>d. 

b 2 
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CLIFFORD— r^i? ELEMENTS OF DYNAMIC. An In- 
troduction to the Study of Motion and Rest in Solid and Fluid 
Bodies. By W. K. Clifford, F.R.S., Professor of Applied 
Mathematics and Mechanics at University College, London. 
Part I.— KINEMATIC. Crown 8va 7x. W. 

OUMMINO^-^AT INTRODUCTION TO THE THEORY 
OF ELECTRICITY, By LiNNAUS CtTMMiNG, M.A., 
one of the Masters of Rugby School. With Illnstrations. 
CiownSvo. &f« 6<^ 

oyrrnVBRTBom—EUCLIDIAN GEOME TR Y. By Francis 
CuTHBERTSON, M. A., LL.D., Head Mathematical Master of 
the City of London School. Extra fcap. 8yo. ^. 6d, 

DALTON— Works by the Rev. T. Dalton, M.A., Assistant 
Master of Eton Collie. 

RULES AND EXAMPLES IN ARITHMETIC. New Edi- 
tion. i8mo. 8x. 6d. [Anstimrs to iJU ExampUs are appended. 

RULES AND EXAMPLES IN ALGEBRA. Part I. 
New Edition. i8mo. 2j. Part II. i8ma Sf. 6</. 

r^KH-^PROPERTIES OF CONIC SECTIONS PROVED 
GEOMETRICALLY. Part I., THE ELLIPSE, with 
Problems. By the Rev. H. G. Day, M.A. Crown 8vo. 
3^ . td. 

'DH'SW-'GEOMETRICAL TREATISE ON CONIC SEC- 
TIONS. By W. H. Drew, M.A., St John's Con^;e, 
Cambridge. New Edition, enlarged. Crown 8vo. 5j. 

SOLUTIONS TO THE PROBLEMS IN DREWS 
CONIC SECTIONS. Crown 8vo. 4j. &/. 

WTTL-B.— EXERCISES IN ANALYTICAL GEOMETRY. 
Compiled and arranged by J. M. Dyer, M.A., Senior 
Mathematical Master in the Classical Department of Cheltenham 
College, Crown 8vo. [Nearly ready. 
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BDOAB (J. H.) mnd PRITOHARD (O. m.)^NOTE'BOOX 
ON PRACTICAL SOLID OR DESCRIPTIVE GEO- 
METRY, Containing Problems with help for Solutions. By 
J. H. Edgar, M. A., Lecturer on Mechanical Drawing at the 
Royal School of Mines, and G. S. Pritchard. Fourth 
Edition, revised aod ex^aiged. By Arthur Meezb. Globe 



— Works by the Rev. N. M. Ferrers, M.A., Fellow 
and Master of Gonville and Cains College^ Cambridge. 

AN ELEMENTARY TREATISE ON TRIUNE AR 
CO-ORDINATES^ the Method of Reciprocal PoUrs, and 
the Theory of Projectors. New Edition, revised. Crown 8vo. 

AN ELEMENTARY TREATISE ON SPHERICAL 
HARMONICS, AND SUBJECTS CONNECTED WITH 
THEM. Crown 8vo. y, 6d. 

FROST— Works by Percival Frost, M.A., formerly Fellow 
of St. John's College^ Cambridge ; Mathematical Lecturer of 
King's College. 

AN ELEMENTARY TREATISE ON CURVE TRA- 
CING. By Pbrcival Frost, M.A. 8vo. i2j. 

SOLID GEOMETRY. A New Edition, revised and enlarged 
of the Treatise by Frost and Wolstrnholmx. In a Vols. 
VoL- 1. Svo. i6/. 

GODFRAY— Works by Hugh Godfray, M.A., Mathematical 
Lecturer at Pembroke College, Cambridge. 

A TREATISE ON ASTRONOMY, for tiie Use of Colleges 
and Schools. New Edition. 8vo. I2j. 6d, 

AN ELEMENTARY TREATISE ON THE LUNAR 
THEORY, with a Brief Sketch of tiie Problem up to the time 
•of Newton. Second Edition, revised. Crown 8vo. 5j. 6d. 

JaaaMXH%k-^AN ELEMENTARY TREATISE ON THE 
DIFFERENTIAL AND INTEGRAL CALCULUS, for 
the Use of Collies and Schools. By G. W. Hemming, M.A., 
Fellow of St John's College, Cambridge. Second Edition, 
with Corrections and Additions. 8vo 9j. 



22 MACMILLAN'S EDUCATIONAL CATiU-OGUE. 

jJkOfL,fkOV -^ GEOMETRICAL COMC SECTIONS. An 
Elementary Treatise in which the Conic Sections are defined 
as the Plane Sections of a Cone, and treated by the Method 
of Projection. By J. Stuart Jackson, M.A., late Fellow of 
Gonville and Caius College, Cambridge. Crown 8va 41. 6^ 

JBLLBT (JOHMH.)-'i4 TREATISE ON THE THEORY 
OF FRICTION, By John H. Jellkt, B.D., Senior Fdlow 
of Trinity College, Dublin; President of the Royal Irish 
Academy. 8yo. Zs. 6d, 

JONBtf And CtLVrJS'B— ALGEBRAICAL EXERCISES. 
Progressively Arranged. By the Rev. C. A. JoNts, M.A., and 
C. H. Cheynk, M.A., F.R.A.S., Mathematical Masters of 
Westminster School New Editiclli. iSmOi 2s. 6a. 

KBLLAND and H KIT— INTRODUCTION TO QUATER^ 
NIONS, with numerous examples. By P. Kslland, M.A., 
F.R.S. ; atld P. G. Tait, M.A., Professors hi the departmtitt 
of Mathematics in the University of Edinburgh. Crown 8vo. 
is. Sd. 

KITOHBNBR— ^ GEOMETRICAL NOTE-^OOIC^ containing 
Easy Problems in Geometrical Drawing preparatory to the 
Study of Geometry. For fh6 Use of Schools. By 1^. E. 
KiTCHENBK, M.A., Mathemathical Master kC Rtigby. New 
Edition. 4to. 2J. 

fnkuvr— NATURAL GEOMMtkt: an Introduction to ttie 

Logical Study of Mathematics. For Schools and Technical 

Classes. With Explanatory Models, bas6d upon the Tachy- 

metrical Works of Ed. Lagout. By A. Mault. iSmo. u. 

Models to Illustrate the above^ in Box, I2x, 6d, 

fdiER^lMAV — ELEMENTS OF THE UtETlIOD OF 
LEAST SQUARES. By Mansfield Merriman, ttuD. 
Professor of Civic and Mechanical Engineering, Lehigh Uni- 
versity, Bethlehem, Penn. Crown 8vo. yj. 6d. 

ynuUKSL-ELBMENTS OF DESCRIPTIVE GEOMETRY. 
By J. B. Millar, C.E., Assistant Lecturer in Engineering in 
Owens College, Mnnchester. Crown 8vo. 6^. 
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MblkaAlt^^A COLLECTION OF PROBLEMS AND 

EXAMPLES IN MATHEMATICS. With Anawers. 
By H. A. Morgan, M.Ai, Sadlerian and Mathematical 
Lectmrer of Jesns College, Cambridge. Crown Svo. 6r. 6d, 

muiBr^DETERMINANTS, By TH09. MuiR. Crown Svo. 

[In preparation, 

NBWTOM'il PRINCIPIA. Edited by Prof! Sir W. Thomson 
and Professor Blackburn. 4to. doth. 31 j. 6</. 
THE FIRST THREE SECTIONS OF NEIVTON'S 
PRINCIPIA^ With Notes and Illustrations. Also a col- 
lection of Problems, principally intended as Examples of 
Newtom's Methods. By PituciVAL Frost, M.A. Third 
Edition. Svo. I2J. 

PARKINSON— Works by S. Parkinson, D.D., F.R.S., Tntor 
and Prselector of St. John's College, Cambridge. 

AN ELEMENTARY TREATISE ON MECHANICS. 
For the Use of the Junior Classes at the University and the 
Higher Classes in Schools. With a Collection of Examples. 
New Edition, revised. Crown Svo. doth. 9; . 6d. 

A TREA TISE ON OPTICS. New Edition, revised and 
ehlarged. Crown 8vo. ddth.. fOf. 6d, 

VBJiJXY^EXERCISES IN ARITHMETIC for the Use of 
Schools. Containing more than 7,000 original Examples. 
fi^ S. PtDL^y, late of Tamworth Grammar School. Crown 
Svo. $s. 

VUBAR^ELEMENTARY HYDROSTATICS. Witii Nu- 
merous Examples. By J. B. Phxar, M. A., Fellow and late 
Assistant Tutor of Clsure College^ Cambridge. New Edition. 
Crown Svo. doth. 5^. 6d. 

Wlim— LESSONS ON RIGID DYNAMICS. By tiie Rev. 
G. PiRiB, M.A., late Fellow and Tutor of Queen's College, 
Cambridge; Professor of Mathematics in the University of 
Aberdeen. Crown Svo. 6s. 

mOKJX-AN ELEMENTARY TREATISE ON CONIC 
SECTIONS AND ALGEBRAIC GEOMETRY. Witii 
Numerous Examples and Hints for their Solution ; elspedally 
designed for the Use of Beginners. By G. II. Puckle, M.A. 
New Edition, revised and eahugedj Ciown Svo. Js, 6ti. 
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UAWlMlKBOK-^ELEAfE/^TAUr STATICS^ by the Rev. 
Gkorge Rawlinson, M.A. Edited by the Rev. Edward 
Sturgss, M.A. Crown 8vo. 4r. 6</. 

RAYLBIGH— r^iS: THEORY OF SOUND. By Lord 
Raylbigh, M. a., F.R,S., formerlfp Fellow of Trinity Collie, 
Cambridge. 8vo. Vol I. I2J. td. Vol. II. izr. dd, 

[Vol, IIL in the press. 

U.wnxOJMWi-'MODERN METHODS IN ELEMENTARY 
GEOMETRY. By E. M. Reynolds, M.A., Mathematical 
Biaster in Clifton College. Crown 8vo. ^, 6d, 

ROUTH— Works by Edward John Rovxh, M.A., F.R.S., 
late Fellow and Assistant Tutor of St. Peter's Collie, Cam- 
bridge ; Examiner in the University of London. 

A N ELEMENT AR Y TREA TISE ON THE D YNAMICS 
OJf THE SYSTEM OF RIGID BODIES, With numerous 
Examples. Third and enlarged Edition. 8vo. 2ij. 
STABILITY OF A GIVEN STATE OF MOTION^ 
PARTICULARLY STEADY MOTION Adams' Prise 
Essay for 1877. 8vo. &r. dd, 

SMITH — Works by the Rev. Barnard Smith, M.A., Rector 
of Glaston, Rutland, late Fellow and Senior Bursar of St. 
Peter's CoU^e, Cambridge. 

ARITHMETIC AND ALGEBRA^ in their Principles and 
Application ; with numerous systematically arranged Examples 
taken from the Cambridge Examination Papers, with especial* 
reference to the Ordinary Examination for the B.A. Degree. 
New Edition, careMly revised. Crown 8vo. lOf. td* 

ARITHMETIC FOR SCHOOLS. New Edition. Crown 
8vo. 4J. (id, 

A ICE Y TO THE ARITHMETIC FOR SCHOOLS. 
New Edition. Crown 8vo. &r. 6d, 

EXERCISES IN ARITHMETIC. Crown 8vo. Ump clotii. 
2», With Answers. 2J. 6tf. 

Answers separately, (td, 

SCHOOL CLASS-BOOK OF ARITHMETIC. i8mo. 
cloth, 3/. 

Or sold separately, in Three Parts, is. each. 
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SMITH Continued^ 

KEYS TO SCHOOL CLASS-BOOK OF ARITHMETIC 
Parts I., II., and III., 2t. td. each. 

SHILLING BOOK OF ARITHMETIC FOR NATIONAL 
AND ELEMENTARY SCHOOLS. i8mo. doth. Or 
separately. Fart I. 2d. ; Part IL 3^ ; Part III. id. Answers. 

THE SAME^ with Answers complete. i8mo, doth. u. td. 

KEY TO SHILLING BOOK OF ARITHMETIC. 
i8ma 41. td. 

EXAMINA TION PAPERS IN ARITHMETIC. i8mo. 
IX. 6^ The same, with Answers, i8mo. or. Answers, 6^. 

KEY TO EXAMINATION PAPERS IN ARIJH 
METIC. i8mo. ^. 6d. 

THE METRIC SYSTEM OF ARITHMETIC^ ITS 
PRINCIPLES AND APPLICATIONS, with nnmerous 
Examples, written expressly for Standard V. in National 
Schools. New Edition. i8mo. doth, sewed. 3^. 

A CHART OF THE METRIC SYSTEM, on a Sheet, 
size 42 in. by 34 in. on Roller, mounted and varnished, price 
ys. 6d. New Edition, 

Also a Small Chart on a Card, price id. 

EASY LESSONS IN ARITHMETIC, combining Exercises 
in Reading, Writing, Spelling, and Dictation. Part I. for 
Standard I. in National SchoohL Crown 8va 9^. 

EXAMINATION CARDS IN ARITHMETIC. (Dedi- 
cated to Lord Sandon.) With Answers and Hints. 

Standards I. and II. in box, is. Standards IIL, IV. and V., 
in boxes, u. each. Standard VL in Two Parts, in boxes, 
IS. each. 

A and B papers, of nearly the same difficulty, are given so as to 
prevent copying, and the Colours of the A and B papers differ in 
each Standard, and from those of every other Standard, so that a 
master or mistress can see at a glance whether the children have the 
proper papers. 
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8NOWBAI.I. — THE ELEMENTS OP PLANE AND 
SPHERICAL TRIGONOMMTRY : with the Ccmstrnctioii 
and Use of Tables of Lc^farithms. By J. C. Snowball, M. A. 
New Edition. Crown 8?o. is. 6tL 

ftTLZJkBUa OF PLANB OEOMl9lPRY (corresponding to 
Endid, Books I. — VI.). Prepared by the Association for the 
Improvement of Geometrical Teaching. New Edition. Crown 
8vo. u, 

TATT and STHBLB—^ TREATISE ON DYNAMICS OP 
A PARTICLE. With numerous ExampAcs. By Professor 
Tait and Mr. Stulx. Fourth Edition, revised. Crown 8vo. 

12S. 

TIRIAJL-T^ ELEMENTARY MENSURATION POR 
SCHOOLS. With numerous Examples. By Sbftimus 
Tkbay, B.A., Head Master of Queen Elizabeth's Grammar 
School, lUvington. Extra fcap. 8vo. 3/. 6(/. 

TODHUNfBR— Works by I. ToDHUNTiR, M.A., F.R.S., of 

St John's College, Cambridge. 

"Mr. Todhnnter is chiefly known to students of.Mathe—atics as the 
flutkor of a series of admirable madieinatieal text-boola, which possess 
the rare Qualities of being clear in style and absolutely free from mistakes, 
typograpmeal or 6ther/^SATir»DAv RtfVteW. 

THE ELEMENTS OF EUCLID. For the tTse of Colleges 
and Schools. New Edition. i8mo. y. 6J. 

KEY TO EXERCISES IN EUCLID. Crown 8vo. 

MENSURATION FOR BEGINNERS. With numerous 
Examples. New Edition. iSmo. af< 6A 

ALGEARA for BEGINNERS. With numerous Examples. 
New Edition. i8mo. aj. hd. 

KEY TO ALGEBRA FOR BEGINNERS. Crown 8vo. 
6s. 6d. 

TRIGONOMETRY FOR BEGINNERS. With numerous 
Examples. New Edition. i8mo. 2s, 6d. 

KEY TO TRIGONOMETRY POR BEGINNERS. 

Crown 8vo. 81. 6d. 
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TODHUNTER CofiHfmed-^ 

MECHANICS FOR BEGINNERS. With ttumeroui 
Examples. New Edition. i8ma 41. &/. 

KEY TO MECHANICS FOR BEGINNERS. Crown 
8vo. 6f . 6d. 

ALGEBRA. For tlie Use of Colleges tnd Schools. New 
Edition. Crown 8vo. ^s, otL 

KEY TO ALGEBRA FOR THE VSE OF COLLEGES 
AND SCHOOLS. Crown 8to. lOr. ^. 

AN ELEMENTARY TREATISE ON THE THEORY 
OF EQUATIONS. New Editioii, tevised. Crown 8w. 
7/. 6d, 

PLANE TRIGONOMETRY. For Schools and Colleges. 
New Edition. Crown 8to. 5i. 

KEY TO PLANE TRIGONOMETRY. Crown 8va 
lor. ^ 

A TREATISE ON SPHERICAL TRIGONOMETRY. 
New Edition, en]ai]ged. Crown 8Ta 4f. 6ie^. 

PLAttE CO-ORDINATE (7^aJlfiEri^r, asappUed tothe 
Straight Line and the Conic Sections. With numerous 
Examples. New Edition, revised and enlarged. Crown 8yo. 

A TREA TISE ON THE DIFFERENTIAL CALCULUS. 

With numerous Examples. New Edition. Crown 8to. 
\os. 6d. 

A tREATII^E ON THE INTEGRAL tiALCULVSANb 
ITS APPLICATIONS. With numerous Examples. New 
Edition, revised and enlarged. Crown 8vo. lOr. 6^. 

EXAMPLES OF ANALYTICAL GEOMETRY OP 
THREE DIMENSIONS. New Edition, revised. Crown 
8va 4J. 

A TREATISE ON ANALYTICAL STATICS. With 
numerous Examples. New Edition, revised and enUurged, 
Crown 8vo. lof. 6</. 
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TODHUZVTBB Continued— 

A HISTORY OF THE MATHEMATICAL THEORY 
OF PROBABILITY, from the time of Pascal to that of 
Laplace. 8vo. i&r. 

RESEARCHES IN THE CALCULUS OF VARIA- 
TIOHSp principally on the Theory of DiscontinnonB Solutions : 
an Essay to whidi the Adams Prize was awarded in the 
University of Cambridge in 1871. 8vo. 6s, 

A HISTORY OF THE MATHEMATICAL THEORIES 
OF ATTRACTION^ AND THE FIGURE OF THE 
EARTH, from the time of Newton to that of Laplace. 2 vols. 
8vo. 24J. 

AN ELEMENTARY TREATISE ON LAPLACE S, 
LAMES, AND BESSEVS FUNCTIONS. Crown 8vo. 
\os, 6d, 

WILSON (J. M.)— ELEMENTARY GEOMETRY. Books 
L to V. Containing the Subjects of Euclid's first Six 
Books. Followix^ the Syllabus of the Geometrical Association. 
By J. M. Wilson, M.A., Head Master of Clifton College. 
New Edition. Extra fcap. 8vo. 4^. 6d, 

SOLID GEOMETRY AND CONIC SECTIONS. With 
Appendices on Transversals and Harmonic Division. For the 
Use of Schools. By J. M. WILSON, M.A. New Edition. 
Extra fcap. 8vo. ^f. 6d. 

WIImBOV—GRADUATED exercises in plane TRI- 
GONOMETRY. Compiled and arranged by J. Wilson, 
M.A„ and S. R. Wilson, B.A. Crown 8vo. 4s, td. 

** The exercises seem beaatifully graduated and adapted to lead a student 
on most gently and plea$antly."~£. J. Routh, F.R.S., St. Peter's College, 
Cambridge. 

WILSON (W. P.)— i< TREATISE ON DYNAMICS. By 
W. P. Wilson, M.A., Fellow of St. John's Collie, Cam- 
bridge, and Professor of Mathematics in Queen's College, 
Bel£Bist 8vo. 9; . 6^. 
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WOIiSTBNHOIiMB— Af^TWiBil/^TVC^Z PROBLEMS, on 
Subjects induded in the First and Second Dtvisions of the 
Schedtde of Subjects for the Cambridge Mathematical Tripos 
Examination* Devised and arranged by Joskfh Wolstsn- 
HOLMB, late Fellow of Christ's Coll^;e, sometime Fellow of 
St John's College, and Professor of Mathematics in the Ro3ral 
IndianEngineering College. NewEd. greatly enlarged. 8to. !&. 

SCIENCE. 

SCIENCE PRIMERS FOR ELEMENTARY 

SCHOOLS. 

Under the joint Editorship of Professon Huxlzy, Roscos, and 

Balfour Stkwart. 

"These Primen are cxtreinely simple and attned^re, and thovoaffhly 
answer thor purpose of Jast leamng the young be^nner op to the thresh- 
old of the long avenues in the Palace of Nature which these titles suggest." 
—Guardian. 

"They are wonderfully dear and lucid in theur instruetioo, nnple in 
style, and adoiirable in pUui. "— Sducational Txmks. 

INTRODUOl'ORY— By T. H. Huxley, F.R.S., Professor of 
Natural History in the Royal School of Mines. i8mo. u. 

CHEMISTRY — By H. E. Roscos, F.R.S., Professor of 
Chemistry in the Victoria University the Owens College 
Manchester. With, nnnierous Illustrations. i8mo. u. New 
Edition. With Questions. \ 

"A very oiodel of peispieaeity and aeeoraey.*— Chbmist and DauG- 

CIST. 

PHY8lC8~.By Balfour Stewart, F.R.S., Professor of Natural 
Philosophy in the Victoria University the Owens College, 
Manchester. With numerous Illustrations. i8mo. \s. New 
Edition. With Questions. 

PHYBIGAIi OROGRAPHY— By ARCHIBALD GsiKIB, F.R.S., 

Murchison Professor of Geology and Mineralc^ at Edin- 
burgh. With numerous Illustrations. New Edition, with 
Questions. i8mo. i/. 

"Svciyoae of his leisont ia Baiked by nmplieity, deanen, and 
eerrectness. "— Athbnaum. 

OBOIiOOY — By Professor Geikis, F.R.S. With numerous 
Illustrations. New Edition. i8mo. doth, u, 

" It is hardly posable for the dullest diild to nusunderstand the meaning 
of a elaasification of stones after Firofessor Gwlde's explanation."— Scxooii 
Boakd Chkokiclo. 
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WBIBIICS FBIKBim Conimwdr^ 

^UYBlOUamY—Bj Mtchap. Fostsx, M.D., F.E.S* With 
muDcroiis Qlaitmtioiiji. New Kditioa. iSma u. 

"ThebookaMiMtotKlolMTCaocbuig <o hi d«i|g»d as w tl^Htantary 
tejo-book.*— AcADSMT, 

ASTRONOMY — By J. NoRMAN LOCKYBR, F.R.S. With 

muneroa^ Qlustratioiis. New Edition, iSmo. i/. 



«• 



'Tins is alu^ether one ofthe mest likely attempts we have ever seen to 
bring astronemy down tQ ihe KMfmtitY of the young child. "—Scwoofc 

BOAKD ChBOMICLB. 

BOTAmr— By Sir J. D. HooKXX, K.C.S.I., C.B., F.R.S. 
With nnmerotis Illiistnitioiis. New Edition. iSmo. u. 

"To trarhrrs tlie Primer will be at mettiaiahle ^nlne^ and not only 
beca u s e of the simplicity oi the language and the clearness with which the 
sabiect aoatter is treateo, hat also on aeeoont of its coming from the highest 
antliarily, and to fiuniiliing positive infeonalina as to the most suitable 
methods of tnarhing tim acieaoe of botany. "—Natoi 



LOGIC— By Professor Stanley Jxyoms, LL.D., M.A., F.R.S. 

New Edition. i8ma is, 

** It ajypears fo ju admirably atlw^ed to serve IfO^ .fs an inlzodjij^^ 
Co scientific reasoam{[, and as a gude to sound Judgment and" * 
in the ocdinazy aflGsm o£ life.'*— AjCADS4iy, 

FOXiITICAX BCOMOKY— By Fro£asor Stawjev Jsv<^s, 
LL.D , M.A., F.R.S. iSmo. I/. 



*' Unquestionably us eveiy leipect an adaiiable ptuaer.''- 
BoABO Chsomiglb. 

/m pr^araiidm : — 
ZOOLOGY. By Professor HuxLXT. &c &c. 



fiLBMBNTARY CLASS-BOOKS. 

ASTRONOMY, liy the AstronOB&er Koiyal. 

POPULAR ASTRONOMY. With mnstradoos. By Sir 
G. B. Airy, K.C.B., Astronomer RoyaL New Edition. 
i8mo. 4J. td. 

ASTRONOMY. 

ELEMENTARY LESSONS IN ASTRONOMY. With 
Coloured Piagnup of the Spectra of the ^uo, Stars, ai d 
Nebulae, and numerous Hjjastrations. ^y J. Norman Locmri: s, 
F.R.S. New Edition. Fcap. Svo. 5j. 6^. 

**FnU, clear, sound, and worthy of attention, not only as a popular 
exposition, bat as a sdentifie ' Index.' *— Athbin^um. 
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BIiEMBNTART OIJLBS^OOKB Continued^ 

QUESTIONS ON LOCKYERS ELEMENTARY LES- 
SONS IN ASTRONOMY. For the Use of Schools. By 
John Forbss-Robxrtson. 181110. doth limp. i^. 6d, 

PHTBIOIiOOT. 

LESSONS IN ELEMENTARY PHYSIOLOGY. With 
nnmerons mtutrations. ByT. H. Huxlsy, F.R.S.y Professor 
of Natural History in the Royal School of Mines. New 
Edition. Fcap. Svo. 41. 6</. 

" Pore gold throughoot"— <yUASDXAi«. 

** Unqoesdoaably the d«Mrest ftud most conpleto elementary treatiM 
00 this subject that we possess in any language. "—Wkstminstbs Rxvibw 

QUESTIONS ON HUXLEY'S PHYSIOLOGY FOR 

SCHOOLS, By T. Alcock, M.D. iSmo. is. 6d. 

BOTANY. 

LESSONS IN ELEMENTARY BOTANY. By D. 

Olivier, F.R.S.^ F.L.S., Professor of Botany in University 

Collie, London. With nearly Two Hundred Illustrations. 

New Edition. Fcap. 8va 4J. 6d. 

GHBBKISTRY 

LESSONS IN ELEMENTARY CHEMISTRY, IN- 
ORGANIC AND ORGANIC. By Hbnry K Roscoe, 
F.R.S.» Pzofessor of Chemistry in the Victoria University the 
Owens College^ Miuochester. With numerous lUustrntions 
and Chxomo-Litho of the Solar Spectrum, and of the Alkalies 
and Alkaline Earths. New Edition. Fcap. 8vo. 4s. 6d. 

* ' As a standaid general text-book it deserves to take a leading place. "« 
Spbctatox. 

** We unhesiitatingly pKmoanee it the best of #11 our elesMntaiy Ireatiaes 
on Chenustry."— Mbdical Timbs. 

A SERIES OF CHEMICAL PROBLEMS, prepared with 
Special Reference to the above, by T. E. Thorp^ Ph.D.^ Pro- 
fessor of Chemistiy in the Yorkshire College of Science, Leeds. 
Adapted for the preparation of Students for the Gowtxma^, 
Science, and Society of Arts Examinations. With a Preface by 
Professor Roscos. N«w Edition, with Key. x8mo. ftr. 

POUTIOAA BOONOMY.' 

POLITICAL ECONOMY FOR BEGINNERS. By 

MiLUCBNT G. FAWcacTT. New Edition. i8mo. 2s. 6a. 

" Gear, compact, and eoannrehenaye."— Daily Nrws 
"The relations of capital and labour have never been more simply or 
more clearly expounded."— CoNTBMFoajutv Rsvixw. 
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BLBMBlfTART OIJiSS-BOOKS Cgw tfmiflrf ■ 

LOGIC. 

ELEMENTARY LESSONS IN LOGIC; DednctWe and 

Indactiye, with copious Questions and Examples, and a 

Vocabulary of Logical Terms. By W. Stanlky Jbvons, 

LL.D., M.A., F.R.S. New Edidon. Fcap. 8vo* 3^. 6d, 

" NoUung can b« better fior a school-book, "-^uajidiam. 

"A maaual oUke staple, interesting, and scientific" — ^Athknjbum. 

PHYSIOS. 

LESSONS IN ELEMENTAR Y PHYSICS. By Balfoue 

Stewart, F.R.S., Professor of Natural Philosophy in the 
Victoria University the Owens CoUege, Manchester. With 
numerous Illustrations and Chromolitho of the Spectra of the 
Sun, Stars, and Nebube. New Edition. Fcap. 8vo. 41. &/. 
*' The beau-idenl of a scientific texMwok, clear, accnrate, and thoronfrh." 

— £OOCATI>>N\1. TiMKS. 

QUESTIONS ON BALFOUR STEWART'S ELE- 
MENTAR V LESSONS IN PHYSICS. By Prof. Thomas 
H. Core, Owens College,' Manchester. ^Immediately. 

PRAOTIOAI> OTTBMI8TRT, 

THE OWENS COLLEGE JUNIOR COURSE OF 
PRACTICAL CHEMISTRY, By Francis Jonks, Chemical 
Master in the Grammar School, Manchester. With Prefigux by 
Professor RoscoK, and niustnitioiu. New Edition. i8mo. 

CHEMISTRY. 

QUESTIONS ON CHEMISTRY. A Series of Problems 
and Exercises in Inorganic and Organic Chemistry, By 
Francis Jones. F.R.S.E., F.C.S., Chemical Master in the 
Gnunmar School^ Manchester. Fcap. 8vo. 3^. 

ANATOMY. 

LESSONS IN ELEMENTARY ANATOMY. By St. 
GsoRGX MiVART, F.R.S.y Lectuxer in Comparative Anatomy 
at St Mary's Hospital With upwards of 400 Illustrations. 
Fcap. 8vo. 6f . 6d. 

**ltmaet be qoectiaaed whether any other work on snateMy conltins in 
like coipasi so ivoportiaiiately great a aass of tnfonaatioQ.''— Laxicbt. 

"The werkis excellent, and ihoald be in the hands of every studeot of 
hnauoi anatoaay."'-MsDiCAL TkMxa 
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BLBMBMTARY OIiASS-BOOKS ConHmud-^ 
STBAM. 

AN ELEMENTARY TREATISE. By John Pkrry, 
C.E., Wliitworth Scholar, Fellow of the Chemical Society, 
Lecturer in Physics at Clifton Collegfe. With numerous Wood- 
cuts and Numerical Examples and Exercises. i8mo. 41. 6d, 

** The young engineer and those seddng for a ceMpreheasive knewledge 
of the use, ponrer, and economy of stean, could not have a more useral 
work, as it is very intelligible, well arranged, and pcaetical throo^umt.''^ 
Ironmomgbs. 

PHYSICAI. OBOORAPHY. 

ELEMENTARY LESSONS IN PHYSICAL GEO- 
GRAPHY. By A. Gkikii, F.R.S.» Murchison Professor 
of Geology, &c., Edinburgh. With numerous Illustrations. 
Fcap. 8va 41. 6^. 
QUESTIONS ON THE SAME. u. td. 



CLASS-BOOK OF GEOGRAPHY. ByC B.CLARKB, RA., 
F.L.S., F.G.S. Fcap. Sva New Edition, with Eighteen 
Coloured Maps. y. 

MATURAIi PHILOSOPHY. 

NATURAL PHILOSOPHY FOR BEGINNERS. By 
I. ToDHUNTBR, M.A., F.R.S. Part I. The Properties of 
Solid and Fluid Bodies. i8mo. y. 6d. 
Part IL Sound, Light, and Heat i8mo. y. 6d, 

MORAL PHILOSOPHY. 

AN ELEMENTARY TREATISE. By Prof . E. Caird, 
of Glasgow University. [In preparation, 

BLECTRICITY AND M A6NETISBI. 

ELEMENTARY LESSONS IN ELECTRICITY AND 
MAGNETISM. By Prof. Sylvanus Thompson, of Uni- 
versity College, Bristol. With Illustration*.. [In preparation, 

SOUND. 

AN ELEMENTARY TREATISE. By W. H. Stone, 
M.B. With Illustrations. i8ma 3^. 6^. 

PSYOBOLOGY. 

ELEMENTAR Y LESSONS IN PSYCHO LOG Y. By G. 
Cboom Robertson, Professor of Mental Philosophy, &c., 
Univerdty College, London. [In preparation. 

c 
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BXJBMBNTARY CIbASB BOOKS Continued-^ 

AGBXCXJLTURB — ELEMENTS OF A GRICUL TURAL 
SCIENCE, .By H. Tanner, F.C.S., Professor of Agricultural 
Science, University College, Aberystwith, Fcap. 8vo, 

[In the press, 

EO0NOMXO8— 7W^ ECONOMICS OF INDUSTRY, By A. 

Marshall, M.A., Principal of University College, Bristol, 

and Mary P. Marshall, late Lecturer at Newnham Hall, 

Cambridge. Extra fcap. 8vo. 2s, 6d, 

"The book is of sterling value, and will be of great utt to students and 
teachers. "— AxHENiBUM. 

Others in Preparaiioti, 

MANUALS FOR STUDENTS. 

Crown 8vo. 

CQMA-- GUIDE TO THE STUDY OF POLITICAL 
ECONOMY, By Dr. LuiGi CossA, Professor in the 
University of Pavia. Translated from the Second Italian 
Edition. With a Preface by W. Stanlby Jkvoks, F.R.S. 
Crown 8yo. 4J. 6</. 

DTBR AND ^\Vi^%— THE STRUCTURE OF PLANTS. By 
Professor Thisklton Dysb, F.R.S., assisted by Sydney 
ViNBS, B.Sc, Fellow and Lecturer of Christ's College, 
Cambridge. With numerous Illustrations. [In prepanUum, 

FAWOBTT— ^ MANUAL OF POLITICAL ECONOMY, 
By Right Hon. Henry Fawcktt, M.P. New Edition, 
revised and enlarged. Crown 8yo. laj. 

riiBIBCHBB— ^ SYSTEM OF VOLUMETRIC ANALY^ 
SIS, Translated, with Notot and Additioni^ from the second 
German Edition, by M. M. Pattison Muir, F.R.S.E. With 
TUustrations Crown 8vo, 7/. td, 

FLOWER (W. ^.y--AN INTRODUCTION TO THE OSTE- 
OLOGY OF THE MAMMALIA, Being the substance of 
the Course of Lectures delivered at the Royal College of 
Surgeons of England in 187a By Professor W. H, Flower, 
F.R.SnF.R.C.S. With numerous niustratiofif. "Kew Edition, 
enlaiged. Crown 8vo. lOf. 6^. 
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MANUALS FOR BTUDSNTS Continued^ 

roSTBR aad LANGI-BY— j4 COURSE OF ELEMENTARY 
PRACTICAL PHYSIOLOGY. By Michael Foster, 
M,D., F.R.S., and J. N. Langley, B.A. Fourth* Edition. 
Crown 8vo. ^, 

noOWBM-^THE STUDENTS FLORA OF THE BRITISH 
ISLANDS. By Sir J.D. Hooker, K.C.S.I., C.B., F.R.S., 
M.D., D.C.L. New Edition, revised. Globe 8vo. lOf. 6d. 

UVKIm-RY— PHYSIOGRAPHY. An Introduction to the Study of 
Nature. By Professor Huxley, F.R.S. With numennu Illus* 
trations, and Coloured Plates. Third and ^Cheaper Edition. 
Crown 8vo. 6s. 

HUXLBY and MARTIN— ^4 COURSE OF PRACTICAL 

INSTRUCTION IN ELEMENTARY BIOLOGY. By 
Professor Huxley, F.R.S., assisted by H. N. AfARTiN, M.B., 
D.Sc, New Edition, revised. Crown 8vo. 6s. 

HVXI.EY and VAXKXB,^ ELEMENTARY BIOLOGY. 
PART n. By Professor Huxley, F.R.S., assisted by 
T.J.Parker. With Illustrations. \In preparation. 

S-BVOHiB—THE PRINCIPLES OF SCIENCE. A Treatise 
on Logic and Scientific Method. By Professor W. Stanley 
Jevons, LL.D., MA., F.R.S. New and Revised Editi n. 
Crown 8vo« izs. 6d. 

STUDIES IN DEDUCTIVE LOGIC. By! Professor 
W. Stanley Jevons, LL.D., M.A., F.R.S. Crown 8vo. 6s. 

KENNEDY — MECHANICS OF MACHINERY. By 
A. B. W. Kennedy, M. Inst. C.E., Professor of Engineering 
and Mechanical Technology in University College, London. 
With Illustrations. Crown Svo. [In the press. 

KIEPEriT— /f MANUAL OF ANCIENT GEOGRAPHY. 
From the German of Dr. H; Kiepert. Crown Svo. $5. 

OJMlV'Bn{VroU%3QT)^FIRST BOOKOFINDIAN BOTANY 
By Professor Daniel Oliver, F.R.S., F.L.S., Keeper of 
the Herbarium and Library of the Royal Gardens, Kew. 
With numerous Illustrations. Extra fcap. 8va 6s. 6d» 
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M ANUAXiB FOR BTUDBlf TS Comiimied^ 

PA.RKER— ^ COURSE OF INSTRUCTION IN ZOOTOMY 
(VERTEBRATA). By T. Jeffrey Parker, B.Sc. Lond., 
Professor of Biology in the University of Otago. With Illus- 
trations. Crown 8vo. [In th^ press. 

PARKBR and WESTTiLUn^THE MORPHOLOGY OF 
THE SKULL. By Pio£essor Parker and G. T. Brttant. 
niiutrated. Crown 8vo. lor. 6«/. 

TKJT—AN ELEMENTARY TREATISE ON HEAT. By 
Professor Tatt, F.R.S.E. lUiistrated. [In the press. 

TUOMBOH^ZOOLOGY. By Sir C Wyyillb Thomson, F.R.S. 

Ulnstiated. [In the press. 

TltLOK— ANTHROPOLOGY. An Introduction to the Study of 
Man and Civilisation. By £. & Tylor, D.C.L., F.R.S. 
With numerous Illustrations. Crown 8vo. 7^. dd, 
Othflr Tofaimes of these Manuals will follow. 

SCIENTIFIC TEXT.BOOKS. 

BALFOUR—^ TREATISE ON COMPARATIVE EMBRY^ 
OLOGY. With Illustrations. By F. M. Balfour, M.A., 
F.R.S., Fellow and Lecturer of Trinity College, Cambridge. 
In 2 vols. 8vo. VoL L i&r. now ready. [Vol.IL nearly ready. 

BAU. (R. 8., A^m.)— EXPERIMENTAL MECHANICS. A 
Course of Lectures deliyered at the Royal Collie of Science 
for Ireland. By R. S. Ball, A.M., Professor of Applied 
Mathematics and Mechanics in the Royal College of Sdenoe 
fior Ireland. Cheaper Issue. Royal Sro. loj. 6d. 

ClMAXJBlum—MECHANICAL THEORY OF HEAT. By R. 
Clausius. Translated by Walter R. Browne, M.A., late 
Fellow of Trinity Collie, Cambridge. Crown 8vo. lOf. 6d. 

COTTBRIIiIi— ^ TREATISE ON APPLIED MECHAN- 
ICS, By James Cotterill, M.A., F.R.S. , Professor oi 
Applied Mechanics at the Royal Naval College, Greenwich. 
With Illustrations. 8vo. [In prepara^on, 

DANIBLI.— ^ TREATISE ON PHYSICS FOR MEDICAL 
STUDENTS, By Alfred Daniell. With Illustrations. 
8vo. [In preparation. 

roBvaM—A TEXT-BOOK OF PHYSIOLOGY. By Michael 
FosTKR, M.D., F.R.S. With Illustrations. Third Edition, 
revised. Svo. 2is. 
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BCIENTIPIC TEXT-BOOKS Continued-— 

GAMGEE-^ TEXT'BOOK OF THE PHYSIOLOGICAL 
CHEMISTRY OF THE ANIMAL BODY. Induding an 
account of the chemical changes occurring in Disease. By 
A. Gamgee, M.D., F.R.S., Professor of Physiology in the 
Victoria University and Owens College, Manchester. 2 Vols. 
8vo. With Illustrations.. Vol. I. i8j. 

\yoU II. in ike press. 

GlRG^IJBAVn— ELEMENTS OF COMPARATIVE ANA- 
TOMY, By Professor Carl Gegenbaur. A Translation by 
F. Jeffrey Bell, B.A. Revised with Preface by Professor 
£. Ray Lankester, F.R.S. With numerous Illustrations. 
8vo. 2 1 J. 

GJXlTLTm— TEXT-BOOK OF GEOLOGY. By Archibald 
GEIKIE, F.R.S., Professor of Geology in the Univereity of 
Edinburgh. With numerous Illustrations. 8vo. [In the press. 

GB.K'Y— STRUCTURAL BOTANY, OR ORGANOGRAPHY 
ON THE BASIS OF MORPHOLOGY. To which are 
added the principles of Taxonomy and Phytography, and a 
Glossary of Botanical Terms. By Professor AsA Gray, 
LL.D. 8vo. los. 6d. 

iS-EWQOVin^POPULAR ASTRONOMY. By S. Newcomb, 
LL.D., Professor U.S. Naval Observatory. With iia Illus- 
trations and 5 Maps of the Stars. 8vo. i&r. 

* * It is unlike anything else of its kind, and will be of more nse in cir- 
culating a knowledge of astronomy than nine-tenths of the books which 
have appeared on the subject of late ytax%."-^aturday Revirm, 

BMULMAVX, — THE KINEMATICS OF MACHINERY. 
OutUnes of a Theory of Machines. By Professor F. Reulbaux. 
Translated and Edited by Professor A. B. W. Kennedy, 
C.E. With 450 lUnstrations. Medium 8vo. 21s, 

R08C0E and SCHORLEMMBR — INORGANIC CHEMIS- 
TRY. A Complete Treatise on Inorganic Chemistry. By 
Professor H. E. RoscoE, F.R.S., and Professor C. Schor- 
LEMMER, F.R.S. With numerous Illustrations. Medium 8vo. 
Vol. I.— The Non-Metallic Elements. 21s. Vol II. Part I.— 
Metals. i8j. Vol. II. Part II.— Metals. iSs. 
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SCIBNTIFIC TSXT-BOOKS Coniinued— 

ORGANIC CHEMISTRY, A complete Treatise on Or- 
_. ganic Chemistry. By Professors Roscoe and Schorlemmer. 

With nmnerous Illustrations. Medium 8vo. [/« the press, 

SOHORI.EMMER— v^ MANUAL OF THE CHEMISTRY OF 
THE CARBON COMPOUNDS, OR ORGANIC CHE- 
MISTRY, By C. Schorlemmer, F.R.S., Professor of 
Chemistry, the Victoria University, the Owens College, Man- 
chester. With Illustrations. 8vo. l^, 

THORPE AND RUOKBR— ^ TREA TISE ON CHEMICAL 
PHYSICS, By Professor Thorpe, F.R.S., and Professor 
RiJCKER, of the Vorkshire College of Science. Illustrated. 
8vo. [In preparation, 

NATURE SERIES. 

THE SPECTROSCOPE AND ITS APPLICATIONS, By 
J, Norman Lockyek^ F.R.S. With Coloured Plate and 
numerous lUustratioDS. Second Edition. Crown 8vo. 3^ . td, 

THE ORIGIN AND METAMORPHOSES OF INSECTS. 
By Sir John Lubbock, M.P., F.R.S., D.C.L. With nume- 
rous Illustrations. Second Edition. Crown 8¥0. 3J. 6d, 

THE TRANSIT OF VENUS. By G. Forbes, M.A., Pro- 
fessor of Natural Philosophy in the Andersonian University^ 
Glasgow. Illustrated. Crown 8yo. ' %5, ^, 

THE COMMON FROG. By St. George Mivart, F.R.S., 
Lecturer in Comparative Anatomy at St Mary's HospitaL 
With numerous Illustrations. Crown 8vo. y, 6d. 

POLARISATION OF LIGHT. By W. Spottiswoode, P.R.S. 
With many Illustrations. Second Edition. Crown Svo. 
3J. 6d. 

ON BRITISH WILD FLOWERS CONSIDERED IN RE^ 
LATION TO INSECTS. By Sir John Lubbock, M.P., 
F.R.S. With numerous Illustrations. Second Edition. Crown 
8vo. 4J. 6d. 
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NATURE 8BRIB8 Cfmtinued— 

THE SCIENCE OF WEIGHING AND MEASURING, AND 
THE STANDARDS OF MEASURE AND WEIGHT. 
By H. W. Chisholm, Warden of the Standards. With 
numerous Illustrations. Crown 8vo. 41, 6^. 

HOW TO DRAW A STRAIGHT LINE: a Lecture on Link- 
ages. By A. B. Kempk. With lUnstrations. Crown 8vo. is. 6d. 

LIGHT: a Series of Simple, entertaining, and Ineipensive Expe- 
riments in the Phenomena of Light, for the Use of Students of 
every age. By A. M. Maysr and C. Barnakd. Crown 8yo, 
with numerous Illustrations. 2s. 6ti, 

SOUND : a Series of Simple, Entertaining, and Inexpensive Ex- 
periments in the Phenomena of Sound, for the use of Students 
of every age. By A. M. Mayx&« Professor of Physics in 
the Stevens Institute of Technology, &c. With numerous 
Illustrations. Crown Svo. Jj. 6d. 

SEEING AND THINKING. By Professor W. K. Clifford, 
F.R.S. With Diagrams. Crown Svo. 3J. td. 

DEGENERATION— By Prof. E. Ray Lankester, F.R.S 
With Illustrations. Crown Svo. 2j. td. 

Otkit volumes U foUam. 

EASY LESSONS IN SCIENCE. 

Edited by Prof. W. F. Barrett. 

HEAT. By Miss C. A. Martineau. Illustrated. Extra fcap. 

Svo. 2S, 6t/. 

LIGHT. By Mrs. Awdry. Illustrated. 25. 6d. 
ELECTRICITY. By Prof. W. F. Barrett. [In preparoHon. 

SCIENCE LECTURES AT SOUTH 

KENSINGTON. 

VOL, 2. Containing Lectures by Capt Abney, Prof. Stokes, 
Prof. Kennedy, F. G. Bramwell, Prot G. Forbes, H. C. 
SoRBY, J. T. Bottomley, S. H. Vines, and Prof. Carey 
Foster. Crown Svo. df. 
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VOL, II, Containing Lectures by W. Spottiswoodb, P.R.S., 
Prot FoRBKS, Prof. Pigot, Prof. Barrett, Dr. Burdon- 
Sandkrson, Dr. Lauder Brunton, F.R.S., Prof. Roscos, 
and others. Crown 8vo. 6s, 

MANCHESTER SCIENCE LECTURES 
FOR THE PEOPLE. 

Eighth Series, 1876-7. Crown 8to. Illnstnitdl. 6d, each. 

IVHAT THE EARTH IS COMPOSED OF. By Professor 

RoscoE, F.R.S. 
THE SUCCESSION OF LIFE OH THE EARTH. By 

Professor Williamson, F.R.S. 

iVHY THE EARTHS CHEMISTRY IS AS IT IS. By 
J. N. LOCKYER, F.R.S. 

Also complete in One Volume. Crown 8vo. doth. 2j. 



AUBKANHBU—ELEMENTAR Y applied MECHANICS: 
being the simple and more practical Cases of Stress and Strain 
wrought out individually from first principles by means of 
Elementary Mathematics. By T. Alexander, C.E., Professor 
of Civil Engineering in the Imperial College of Engineering, 
Tokei, Japan. Crown 8vo. 41. 6^. 

VBnrrhXC^.— FIRST LESSONS IN PRACTICAL BOTANY. 
By G. T. Brttany, M.A., F.L.S., Lecturer in Botany at 
Guy*s Hospital. i8mo. \s, 

aiMAKTOni^^THE RUDIMENTS OF PHYSICAL GEO* 
GRAPHYFOR THE USE OF INDIAN SCHOOLS; with 
a Glossary of Technical Terms employed. By H. F. Blanford, 
F.R.S. New Edition, with Illustrations. Globe 8to. 2s,6d, 

T^wKBrrr— UNITS and physical constants. By 

J. D. Everett, F.R.S., Professor of Natural Philosophy, 
Queen's College, Belfast. Extra fcap. 8vo. 4^. 6d, 

ai&lKlTi,— OUTLINES OF FIELD GEOLOGY. By Prof. 
Geikie, F.R.S. With Illustrations; Extra fcap. 8vo. jj. 6«/. 

iMASmAVUn-BLOlVPIPE A JV A LYSIS. By J. Landauer. 
Authorised English Edition by J. Taylor and W. E. Kay, of 
Owens College, Manchester. Extra fcap. 8yo. 4^. 6d, 
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VLVl^— PRACTICAL CHEMISTRY FOR MEDICAL STU- 
DENTS, Specially arranged for the first M.B. Course. By 
M. M. Pattison Muir, F.R.S.E. Fcap. 8vo. is. 6d. 

M'lLBH-DmOlL^OUTLINES OF PHYSIOLOGY IN ITS 
RELATIONS TO MAN. By J. G. M'Kendrick, M.D. 
F.R.S.E. With Illustrations. Crown 8yo. 12s. 6(L 

MIAULr-STC/DIES IN COMPARA TIVE ANA TOMY. 

No. I. — ^The Skull of the Crocodile : a Manual for Students. 
By L. C. MiALL, Professor of Biology in the Yorkshire College 
and Curator of the Leeds Museum. 8yo. 2s. 6d. 
No. IL — Anatomy of the Indian Elephant. By L. C. Miall 
and F. Greenwood. With Illustrations. 8vo. 5^. 

nUAKN— AN ELEMENTARY TREATISE ON HEAT, IN 
RELATION TO STEAM AND THE STEAM-ENGINE. 
By G. Shann, M.A. With Illustrations. Crown 8vo. 4s. 6d. 

TAKKBB,— FIRST PRINCIPLES OF A GRIPUL TURE. By 
H. Tanner, F.C.S., Professor of Agricultural Science, 
University College, Aberystwith, &c l8mo. \s, 

vmianT— METALS AND THEIR CHIEF INDUSTRIAL 
APPLICATIONS. By C. Alder Wright, D.Sc., &c. 
Lecturer on Chemistry in St Mary's Hospital Medical School. 
Extra fcap. 8ya $s* &/• 

HISTORY. 

ARVtOWy-THE ROMAN SYSTEM OF PROVINCIAL 

ADMINISTRATION TO THE ACCESSION OF CON 

STANTINE THE GREAT. By W. T. Arnold, B.A. 

Crown 8vo. dr. 

"Oueht to prove a valuable handbook to the student of Roman 
history. —Guardian. 

WEXAViSTORlES FROM THE HISTORY OF ROME. 
By Mrs. Beesly. Fcap. 8vo. 2x. 6d. 

" The attempt appears to us in every way successful. The stories are 
interesting in themselves, and are told with perfect amplidty and good 
feeling."— Daily Nbws. 

VKOOYi— FRENCH HISTOR YFOR ENGLISH CHILDREN 

By Sarah Brook. With Maps. Crown 8vo. \In the press. 
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FREEMAN (EDWARD iL,\-OLD-ENGUSH HISTORY. 
By Edward A. Freeman, D.C.L., LL.D., late Fellow of 
Trinity College, Oxford. With Five Coloured Maps. New 
Edition. Extra fcap. 8vo. half-bound. 6.f. 

ORBEN— .4 SHORT HISTORY OF THE ENGLISH 

PEOPLE, By John Richard Green, M.A., LL.D. With 

Coloured Maps, Genealogical Tables, and Chronological 

Annals. Crown Svo. 8j. dd. Seventy-fifth Thousand. 

*' Stands alone as the one general history of the country, for the sake 
of which all others, if young and old are wise, will be speedily and surely 
set aside." — ^Academy. 

READINGS FROM ENGLISH HISTORV, Selected 
and Edited by John Richard Green, M.A., LL.D., 
Honorary Fellow of Jesus CoUege, Oxford. Three Parts. 
Globe Svo. IS. 6d. each. I. Hengist to Cressy. * II. Cressy 
to Cromwell. III. Cromwell to Balaklava. 

QtV-BST—LECTURES ON THE HISTORY OF ENGLAND. 

By M. J. Guest. With Maps. Crown Svo. 6s, 

*' It is not too much to assert that this is one of the very best daas books 
of English History for young students ever published. "—Scotsman. 

HISTORICAL COURSE FOR SCHOOLS —Edited by 

Edward A. Freeman, D.CL., late Fellow of Trinity 

College, Oxford. 

L GENERAL SKETCH OB EUROPEAN HISTORY. 

By Edward A. Freeman, D.CL. New Edition, revised 

and enlarged, with Chronological Table, Maps, and. Index. 

i8mo. doth. 3J. 6d. 

** It supplies the great want of a good foundatioa for hutorical teachnp;. 
The scheme is an excellent one, and this instalment has been executed in 
a way that promises much for the volumes that are yet to appear.**— 

1Kdttca.i*ioma.i« m?TMSft. 

II. HISTORY OF ENGIAND. By Edith Thompson. 
New Edition, revised and enlarged, with Coloured Maps. i8mo. 
21. 6d, 

IIL HISTORY OF SCOTLAND. By Margaret 
Macarthur. New Edition. i8mo. 3J. 

"An excellent summary, unimpeachable as to faet^ and putting thvm 
in the clearest and most impartial light attainable."— Guaxdiah. 

IV. HISTORY OF ITALY. By the Rev. W. Hunt, M.A. 
i8ma y. 

*' It possesses the same soUd merit as its predecess(« .... the sa<n« 
scrupulous care about fidelity in details. ... It is distinguished, too, by 
information on arL architecture, and social politics, in miich the writer^ 
grasp is seen by the firmness and clearness o£ his touch"— Educational 

TiMBS. 
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RISTORICAXi COURSB ^OR SCHOOIiS Continued— 

V. HISTORY OF GERMANY. By J. Sime, M.A. 
i8mo. y, 

**A remarkably clear and impressive history of Germany. Its great 
events are wisely kept as central figures, and the smaller events are care- 
fully kept, not only subordinate and subservient, but most skilfully woven 
into the texture of the historical tapestry presented to the eye."— 
Standard, 

VI. HISTORY OF AMERICA. By John A. Doyle. 

With Maps. i8mo. ^r. fta. 

" Mr. Doyle has performed his task with admirable care, fulness, and 
clearness, and for the first time we have for schools an accurate and inter- 
esting history of America, firom the earliest to the present time."— 
Standabd. 

EUROPEAN COLONIES. By E. J. Payne, M. A. With 

Maps. i8mo. 45. 6^. 

* We have seldom met with an historian capable o£ forming a more 
comprehensive, fJEur-seeing, and unjprejudiced estimate o€ events and 
peoples, and we can commend this htUe work as one certain to prove o£ 
the highest interest to all thoughtful readers. "—Timbs. 

FRANCE. By Charlotte M. Yongb. With Maps. i8mo. 
y. 6d. 

** An admirable text-book for the lecture room."— Acadbmy. 
GREECE. By Edwaed A. FrBeMAN, D.C.L. 

[In prepariUion, 

ROME. ByEDWARD A. Freeman, D.C.L. \In the press. 
HI8TORV PRIMERS— Edited by JOHN RICHARD Green. 
Author of " A Short History of the English People." 
ROME. By the Rev. M. Creighton, M.A., late Fellow 
and Tutor of Merton College, Oxford. With Eleven Maps. 

i8ma ij. 

'*The author has been curiously successlul in telling in an intelfi* 
gent way the story of Rome from first to last."— school Boaxd 
Cmkonicls. 

GREECE. By C. A. Fyffe, M.A., Fellow and late Tutor 

of University Collie, Oxford. With Five Maps. i8mo. \s. 

'*We give our unqualified praise to this titd« manual. "--School- 

MASTBS. 

EUROPEAN HISTORY. By K A. Freeman, D.C.L. 

LL.D. With Maps. i8mo. i/. 

"Th^ work is always dear, and fdms a iimunotts k«F to Xtuopean 
history."— School Board Chkoniclb. 

GREEK ANTIQUITIES. By the Rev. J. P. Mahaffy, 

M.A. Illustrated. iSmo* is, 

** All that is necessary for the scholar to know is told so compactly yet 
so fully, and in a style so interesting, that it is imposuble for even the 
dullest boy to look on this little work in the same light as he regards his 
other school books."— ScuooLMASTSK. 
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CLASSICAL GEOGRAPHY. By H. F. Tozer, M.A. 

I&no. I/. 

"Anotber Tahuibltt aid to the study of tiie anciait worid. ... It 
contains an enormous quuttity of infbrnation packed into a smau space, 
and at the came tuM oaaiaiimcated in a very readable shape."^ Johi« Buu . 

GEOGRAPHY. By GxORGK Grove, D.C.L. With Map*. 

l8mo. I/. 

** A aodel of what mch a woric should be .... we know of no short 
treatise better smted to infbae life and spirit into the dull lists of proper 
names of wbidi our ovdimry class-books so often almost exclusively 
consist. "— TiMBS. 

ROMAN ANTIQUITIES. By Professor WiLKiNS. lUus- 

tnted. iSmo. \s. 

" A little bcMok that throws a blaas of fight oa Roman Histocy. and 
is, nuxeover, intensely voltxxtsSaa^**'— School Beard Chronicle, 

FRANCE. By Chaklottb M. Yongk. i8mo. ix. 

" May be consideted a wonderfully successful pece of work. .... Its 
general merit as a vigorous and clear sketdi, giving in a small space a 
vivid idea o£ the history of France, remains undeniable." — SATUftoAV 
Rbvibw. 

In piepwation 8 — 
ENGLAND. BfJ.^ Gubn, If JL 
UBTHBRID6E— ^ SHORT MANUAL OF THE HISTOR Y 
OF INDIA. With an Account of India as it is. The 
Soil, Climate, and Productions; the People, their Races, 
Religions, Public Works, and Industries ; the Civil Services, 
and System of Administration. By Roper Lethbridge, 
M.A., CLE., Press Commissioner with the Government of 
India, late Scholar of Exeter College, Oxford, formerly Principal 
of Kishnaghur College, Bengal, Fellow and some time Examiner 
of the Calcutta University. With Maps. Crown 8vo. 5j. 

HICHBUBT— i4 SUMMARY OF MODERN HISTORY. 
Tnmslated from the French of M. Michklkt, and continned to 
the Present Time^ by BC C. B^ Simpson. Globe 8va 4/. 6d. 

OTVA— SCANDINAVIAN HISTORY. By E. C Orrft. 
With Bfaps. Globe 8va 6r. 

VAXm^PIClURES OF OLD ENGLAND. By Dr. R. 
Pauu. Translated with the sanction of the Author by 
E. C Orri. Cheaper Edition. Crown 8vo. &. 

RAMSAY—^ SCHOOL HISTORY OF ROME. By G. G. 
Ramsay, M.A., Professor of Humanity in the University of 
Glasgow. With Maps. Crown 8vo. [In preparaHim. 
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T AST— ANAL YSIS OF ENGLISH HISTOR K, based on Gi«en's 
"Short History of the English People." By C. W. A. Tait, 
M.A., Assistant-Master, Clifton College. Crown 8vo. y, 6d. 

\irHBBI.ER— ^ SH0R7 HISTORY OF INDIA AND 01* 

THE FRONTIER STATES OF AFGHANISTAN, 

NEPAUL, AND BURMA. By J. Talboys Whekler. 

With Maps. Crown 8vo. izs. 

" It is the best book of the kind we have ever seen, and we recommend 
it to a place in every school library." — Educational Times. 

TONTOB (OHARI.OTTB M.)--^ PARALLEL HISTORY OF 
FRANCE AND ENGLAND : consUting of Outlines and 
Dates. By Chaelotts M. Yongb, Author of " The Heir 
of Reddyffe," &c., &c. Oblong 4to. 3;. 6d, 

CAMEOS FROM ENGLISH HISTORY. —VROM 
ROLLO TO EDWARD II. By the Author of " The Heir 
of Reddyffe." Extra fcap. 8vo. New Edition. 5^. 

A SECOND SERIES OF CAMEOS FROM ENGLISH 
HISTORY— THE WARS IN FRANCE. New Edition. 
Eictra fcap. 8vo. 5^. 

A THIRD SERIES OF CAMEOS FROM ENGLISH 
HISTORY— THE WARS OF THE ROSES. New Edition. 
Extra fcap. 8vo. $s. 

A FOURTH SERIES— REFORMATIO}^ TIMES. Extra 
Fcap. 8vo. 5j. 

EUROPEAN HISTORY. Namited in a Series of 
Historical Selections from the Best Authorities. Edited and 
arranged by E. M. Sbwell and C. M. Yongb. First Series, 
1003 — 1 1 54. Third Edition. Crown 8ya 6s. Second 
Series, 1088—1228. New Edition. Crown Sva 61. 

DIVINITY. 

*«* For other Works by these Authors, see Theological 

Catalogue. 

ABBOTT (RBV. B. A.)— BIBLE LESSONS. By the Re?. 
E. A. Abbott, D.D., Head Master of the City of London 
School. New Edition. Crown 8to. 4j. 6d, 

**Wiae, sng g e sti fe, and really profound initirtioii into rcBgicms thought. " 

— <yUAKDIAN. 
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ARN0LD~i4 BIBLE-READING FOR SCBOOLS-THK 
GREAT PROPHECY OF ISRAEL'S RESTORATION 
(Isaiah, Chapters xl. — ^Ixvi.). Arranged and Edited for Young 
Learners. By Matthew Arnold, D.C.L., formerly 
Professor of Poetry in the University of Oxford, and Fellow 
of OrieL New Edition. i8mo. doth, is, 

ISAIAH XL.—LXVI, With the Shorter Prophecies aUied 
to it Arranged and Edited, with Notes, by Matthbw 
Arnold. Crown 8vo. ^, 

CH&STHAM— /i CHURCH HISTORY OF THE FIRST 
SIX CENTURIES, By the Ven. Archdeacon Cheet- 
HAM. Crown 8yo. [In the press, 

CVHTBIS— MANUAL OF THE THIRTY-NINE AR- 
TICLES, By G. H. CuRTEis, M.A., Principal of the 
Lichfield Theological College. \In preparation, 

GAMHOlJii— THE CHILDREN'S TREASURY OF BIBLE 
STORIES. By Mrs. Herman Gaskoin. Edited with 
Preface by the Rev. G. F. Maclear, D.D. Part L— OLD 
TESTAMENT HISTORY. i8mo u. Part II.--NEW 
TESTAMENT. i8mo. u. Part III.— THE APOSTLES : 
ST. JAMES THE GREAT, ST. PAUL, AND ST. JOHN 
THE DIVINE. i8mo. is, 

GOLDBM TREASURY PS AIiTER— Students' EdiUon. Being 
an Edition of "The Psalms Chronologically Arranged, by 
Four Friends," with briefer Notes. i8mo. y. 6d, 

GREEK TESTAMENT. Edited, with Introduction and Appen- 
dices, by Canon Westcott and Dr. F. J. A. Hort. Two 
Vols. Crown 8vo. [In the press, 

HARDWICK — Works by Archdeacon Hardwick. 

A HISTORY OF THE CHRISTIAN CHURCH. 
Middle Age. From Gregory the Great to the Excommuni- 
cation of Luther. Edited by William Stubbs, M.A., Regius 
Professor of Modem History in the University of Oxford. 
With Four Maps. Fourth Edition. Crown 8vo. los. 6d, 
A HISTOR Y OF THE CHRISTIAN CHURCH DURING 
THE REFORMA TION. Fourth Editioo. Edited by Pro 
fessor Stubbs. Crown 8vo. tor. 6d, 
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KlVQ-CBURCff HISTORY CF IRELAND, By the Rev. 
Robert Kino. New Edition. 2 vols. Crown 8vo. 

\In pre^araHon, 

MACIiBAR— Works by the Rev. G. F. Maclrax, D.D., 
Warden of St. Augustine's College, Canterbury. 

A CLASS-BOOK OF OLD TESTAMENT HISTORY. 
New Edition, with Four Maps. i8mo. 4/. td. 

A CLASS-BOOK OF NEW TESTAMENT HISTORY, 
including the Connection of the Old and New Testament 
With Fonr Maps. New Edition. i8mo. 5^. 6d, 

A SHILLING BOOR OF OLD TESTAMEM 
HISTORY, for National and Elementary Schools. With 
Map. i8mo. cloth. New Edition. 

A SHILLING BOOK OF NEW TESTAMENT 
HISTORY, for National and ElemenUry Schools. With 
Map. i8mo. doth. New Edition. 

These works have been carefully abridged from the author's 
larger manuals. 

CLASS-BOOK OF THE CATECHISM OF THE 
CHURCH OF ENGLAND. New Ed. i8mo. dotii. u. td. 

A FIRSl CLASS-BOOK OF THE CATECHISM OF 
THE CHURCH OB ENGLAND, with Scripture Proofs, 
for Junior Classes and Schools. New Edition. i8mo. 6^. 

A MANUAL OF INSTRUCTION FOR CONFIRMA^ 
TION AND FIRST COMMUNION WITH PR A YERS 
AND DEVOTIONS, 32mo. clotii extra, red edges. 2j. 

MAUaiCB— 7^^^ LORD'S PRAYER, THE CREED, AND 
THE COMMANDMENTS, Manual for Parents and School. 
masters. To which is added the Order of the Scriptures. By the 
Rev. F. DsNisoN Maurics, M.A. i8mo. cloth, limp, is, 

FROGTEB— i4 HISTORY OF THE BOOK OB COMMON 
PRAYER, with a Rationale of its Offices. By Francis 
Procter, M.A. Fourteenth Edition, revised and enlarged. 
Crown 8va lOf. 6</. 
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PSOOTBR AMD 'mJMtJBhMr-AN RLRMBNTARY INTRO' 
DUCnON TO THB BOOK OP COMMON PRA YER. 
Re-arranged and supplemented by an Explanation of the 
Morning and ETening Prayer and the Litany. By the 
Rev. F. Procter and the Rev. Dr. Maclear. New 
and Enlarged Edition, containing the Communion Service and 
the Confirmation and Baptismal Offices. i8mo. 2x. 60. 

PBAIiMS OF DAVID OHRONOIiOOICAIaliY ARRANOBD. 
Bj Fovr Friends. An Amended Version, with Historica 
Introduction and Explanatory Notes. Second and Cheaper 
Edition, with Additions and Corrections. Cr. 8va 8x. 6d, 

RAMUA-Y^TJIE CA TBCHISEB^S MANUAL ; or, the Church 
Catechism Illustrated and Explained, for the Use of Clergy- 
men, SchoolmasterB^ and Teachers. By the Rev. Arthur 
Ramsay, M.A. New Edition. i8mo. ix. ttU 

BimvnON'-AN EPITOME OP THE HISTORY OP THE 
'CHRISTIAN CHURCH. By William Simpson, M.A. 
New Edition. Fcap. 8va 3^. 6iL 

TRBNOH— By R. C. TRENCH, D.D., Archbishop of Dublin. 
LECTURES ON MEDIEVAL CHURCH HISTORY. 
Being the substance of Lectiues delivered at Queen's College, 
London. Second Edition, revised. 8vo. I2s. 

SYNONYMS OP THE NEW TESTAMENT. Ninth 
Edition, revised. 8vo. i2s. 

WB8TCOTT— Works by Brookr Foss Wxstcott, D.D., Canon 
of Peterborough. 

A GENERAL SURVEY OP THE HISTORY OP THE 
CANON OP THE NEW TESTAMENT DURING THE 
PIRST POUR CENTURIES. Fourth Edition. With 
Prefiice on ''Supernatural Religion." Crown 8va los. 6d, 

INTRODUCTION TO THE STUDY OP THE POUR 
GOSPELS. Fifth Edition. Crown 8vo. lOr. &^ 

THE BIBLE IN THE CHURCH. A Popular Account 
of the Collection and Reception of the Holy Scriptures in 
the Christian Churches. New Edition. i8mo. doth. 
4f . td. 
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WHSON— r^^ BIBLE STUDENT'S GUIDE to the more 
Correct Understanding of the English Translatipn of the Old 
Testament, by reference to the original Hebrew. By William 
Wilson, D,D., Canon of Winchester, late Fellow of Queen's 
College, Oxford. Second Edition, carefidly revised. 4to. 
cloth. 25 f, 

VONOE (CRABI.OTTB Vty— SCRIPTURE READINGS FOR 
SCHOOLS AND FAMILIES. By Charlotte M. Yongb, 
Author of "The Heir of Redclyife." In Five Vols. 

First Series. Genesis to Deuteronomy. Extra fcap. 
8vo, IS, 6d, With Comments, y. 6d, 

Second Series. From Joshua to Solomon. Extra fcap. 
8vo. IS, 6d, With Conmients, .v. 6d. 

Third Series. The Kings and the Prophets. Extra fcap. 
8vo. IS, 6d, With Comments, 3^. 6J, 

Fourth Series. The Gospel Times, is, 6ti. With 
Comments, extra fcap. 8vo., 3/. 6^/. 

Fifth Series. Apostolic Times. Extra fcap. 8vo. is, 6d- 
With Comments, y, 6d, 



MISCELLANEOUS. 

Inelttding warJb on Modem Languages and IMerature, Art 

Hand'bookSy (&v., ^c, 

ABBOTT— -4 SHAKESPEARIAN GRAMMAR, An Attempt 
to illustrate some of the Differences between Elizabethan and 
Modem English. By the Rev. E. A. Abbott, D.D., Head 
Master of the City of London SchooL New Edition. Extra 
fcap. 8vo. df. 

ANDERSON— Z/A:^^-^ PERSPECTIVE, AND MODEL 
DRA WING, A School and Art Class Manual, with Questions 
and Exercises for Examination, and Examples of Examination 
Papers. By Laurence Anderson. With Illustrations. 
Royal 8vo. 2x. 

\— FIRST LESSONS IN THE PRINCIPLES OF 
COOKING, By Lady Barker. New Edition. i8mo. is, 

d 
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BOVmV-FIJ^ST LESSOl^S TN FRENCH, By H. CouR- 
THOPE BowEN, M. A. Extra fcap. 8vo. w. 

BEAUMARQHAI8— Z^ BARBIER DE SB VILLE, Edited, 
with Introduction and Notes, by L. P. Blouet, Assistant 
Master in St. Paul's School. Fcap. 8vo. ^j. 6</. 

■BB1IBB8— /f/^^r LESSONS ON HEALTH. By J. Ber- 
NBRS. New Edition. i8mo. u. 

BXUkKI8TON~r^i5 TEACHER, Hints on School Manage- 
ment. A Handbook for Managers, Teachers' Assistants, and 
Pupil Teachers. By J. R. Blakiston, M.A. Crown 8vo. 
2J. 6^. (Recommended by the London, Birmingham, and 
Leicester School Boards.) 

" Into a comparatively small book he has crowded a g^f at deal of ex- 
ceedingly useful and sound advice. It is a plain, corr mo i-sense book, 
full of hints to the teacher on the management of his ichool and his 
diildren. — School Board Chkoniclb. 

BREYMANN — Works by Hermann Breymann, Ph.D., Pro- 
fessor of Philology in the University of Munich. 

A FRENCH GRAMMAR BASED ON PHILOLOGICAL 
PRINCIPLES. Second Edition. Extra fcap. 8vo. \s, 60, 

FIRST FRENCH EXERCISE BOOK, Extra fcap. 8vo. 
\s, 6d, 

SECOND FRENCH EXERCISE BOOK, Extra fcap. 8va 
25, 6d, 

BKOOKB— MILTON, By Stopford Brooke, M.A. Fcap. 
8vo. IJ. 6cf. (Green's Classical Writers.) 

-BJJTUZn—HC/DIBRAS. Edited, with Introduction and Notes, 
by Alfred Milnes, B. A. [In preparation, 

CAMBRIDGE UNIVERSITY ALMANACK AND RE- 
GISTER POR 1881, being the Twenty-ninth Year ol 
Publication. Crown 8vo. 3^. 6d, 

OAImHRKWOOI^— HANDBOOK OF MORAL PHILOSOPHY, 
By the Rev. Henry Calderwood, LL.D., Professor of 
Moral Philosophy, University of Edinburgh. Sbcth Edition. 
Crown 8vo. 6s, 

COLLIER-^ PRIMER OF ART, With Illustrations. By 
John Collier. [In preparation. 
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B^MTB-TI/E PURGATORY OF DANTE. Edited, with 
Translation and Notes, by A. J. Butler, M.A., late Fellow 
of Trinity College, Cambridge. Crown 8vo. I2j. dd. 

DBLAMOTTE— ^ BEGINNER'S DRAWING BOOK, By 
P. H, Delamotte, F.S.A. Progressively arranged. New 
Edition improved. Crown 8va 3i. 6^. 

PAWCETT— T-^^Z^^ IN POLITICAL ECONOMY, By 
M1X4L10BKT Gakrstt Fawcett. Globe 8vo. y, 

VBAXLOVk—SCIIOOL INSPECTION. By D. R. Fearon, 
M.A., Assistant Commissioner of Endowed Schools. Third 
Edition. Crown Svo. 2j. 6d, 

rK^UHniOK—NINTS TO HOUSEWIVES ON SEVERAL 
POINTS, PARTICULARLY ON THE PREPARATION 
OF ECONOMICAL AND TASTEFUL DISHES. By 
Mrs. Frederick. Crown Svo. 2s. 61, 

^ "This unpretending and useful little volume distinctly supplies a de- 
sideratum The author sieadUy keeps in view the simple aim of 

' making every-day meals ai home, particularly the dinner, attractive,' 
without adding to the ordinary household expenses." — Saturday Review, 

OtlMAJiSTOJii^SPELLING REFORM FROM AN EDU- 
CATIONAL POINT OF VIEW. By J. H. Gladstone, 
Ph.D., F.R.S.9 Member of the School Board for London 
New Edition. Crown Svo. i^. 6d. 

QOIsHSmim—THE TRA VELLER, or a Prospect of Society ; 
and THE DESERTED VILLAGE. By Oliver Gold- 
SMITH. With Notes Philological and Explanatory, by J. W. 
Hales. M. A. Crown Svo. &/. 

QBJBLlfJi'nOflliaiB—CUTTING'OUTANDDRESSMAKING. 
From the French of Mdlle. E. Grand'homme. With Dia- 
grams. iSmo. is. 

OBESN-^ SHORT GEOGRAPHY OF THE BRITISH 

ISLANDS. By Johm Richard Green and Alice 

Stopford Green. With Maps. Fcap. Svo. 3j. 6d, 

^ The Times says : — " The method of the work, so far as real instruction 
is concerned, b nearly all that could be desired. ... Its great merit, in 
addition to its scientific arrangement an : the attractive style su familiar 
to the readers of Green's Sfiort History is that the facts are so presented 
as to compel the careful student to think for himself. . . . The work may 
be read with pleasure and profit by anyone ; we trust that it will gradually 
find its way into the higher forms of our schools. With this text-book as 
his guide, an intelligent teacher mi^ht make geography what it really is--> 
one of the most interesting and widely-instructive studies." 

d 2 
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-LONGER ENGLISH POEMS, with Notes, Phllo- 
logical and Explanatory, and an Introduction on the Teaching 
of English. Chiefly for Use in Schools. Edited by J. W. 
Hales, M.A., Professor of English Literature at King:'s 
College, London. New Edition. Extra fcap. 8vo. 4r. 6d, 

HOLE— ^ GENEALOGICAL STEMMA OF THE KINGS 
OF ENGLAND AND FRANCE. By the Rev. C. Hole. 
On Sheet, is. 

YOHNSON'B LIVES OF THE FOETUS. The Six Chief Lives 
(Milton, Dryden, Swift; Addison, Pope, Gray), with Macaulay's 
"Life of Johnson." Edited with Preface by Matthew 
Arnold. Crown 8vo. 6s, 

t^ITSRATURX: PRIMBR8— Edited by JOHN RiCHARD GrEEN, 
Author of " A Short History of the English People." 

ENGLISH GRAMMAR. By the Rev. R. Morris, LL.D., 
sometime President of the Philological Society. i8mo. 
cloth. If. 

ENGLISH GRAMMAR EXERCISES. 1^j R. Morris, 
LL.D., and H. C. Bowrn, M.A. i8mo. is, 

THE CHILDREN'S TREASURY OF LYRICAL 
POETRY, Selected and arranged with Notes by Francis 
Turner Palgrave. In Two Parts. i8mo. is. each. 

ENGLISH LITERATURE. By Stopford Brook^ 
M.A. New Edition. i8mo. is. 

PHILOLOGY, By J. Pkile, M.A. i8mo. is, 

GREEK LITERATURE, By Professor J kbb, M.A. i8mo. is. 

SHAKSPERE. By Professor Dowden. i8mo. u. 

HOMER. By the Right Hon. W. E. Gladstonb, M.P. 
i8mo. IS. 

ENGLISH COMPOSITION, By Professor Nichol. i8mo. 

IS. 

Ir preparation : — 
' LA TIN LITER A TURE. By Professor Seeley. 
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In preparation Continued — 

HISTORY OF THE ENGLISH LANGUAGE. B> 
J. A. H. Murray, LL.D. 

SPECIMENS OF THE ENGLISH LANGUAGE. 
To Illnstrate the above. By the same Author. 

ICAOMII.I.AN'8 COPY-BOOKS- 

Published in two sizes, viz. ; — 

1. Large Post 4to. Price 4^. each. 

2. Post Oblong. Price 2a, each. 

I. INITIATORY EXERCISES 6f SHORT LETTERS. 

♦2. WORDS CONSISTING OF SHORT LETTERS. 

♦3. LONG LETTERS, With words containing Long 
Letters — Figures. 

•4. WORDS CONTAINING LONG LETTERS. 

4a. PRACTISING AND REVISING COPY-BOOK. For 
Nos. I to 4. 

•5. CAPITALS AND SHORT HALF TEXT. Words 
banning with a Capital. 

•6. HALF-TEXT WORDS, beginning with a Capital- 
Figures. 

♦7. SMALL-HAND AND HALF-TEXT, With Capitals 
and Figures. 

♦8. SMALL-HAND AND HALF-TEXT. With Capitals 

and Figures. 

8a. PRACTISING AND REVISING COPY-BOOK. Foj 

Nos. 5 to 8. 

•9. SMALL-HAND SINGLE HEADLINES— Figaies. 

10. SMALL-HAND SINGLE HEADLINES—Figaies. 

•11. SMALL-HAND DOUBLE HEADLINES— Y\gvixe&, 

12. COMMERCIAL AND ARITHMETICAL EX- 
AMPLES, <&*<:. 

12a. PRACTISING AND REVISING COPY-BOOK. Foi 
Nos. 8 to 12. 

* TTuse numbers may be had with Goodmafis Patent Sliding 
Copies. Large Post 4to. Price 6d. each. 
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MAOMIIiXiAN'S OOPY-BOOKS ConHnued^ 

By a simple device the copies, which are printed upon separate 
slips, are arranged with a movable attachment, by which they 
are adjusted so as to be directly before the eye of the pupil at 
all points of his progress. It enables him, also, to keep his 
own £aults concealed, with perfect models constantly m. view 
for imitation. Evexy experienced teacher knows the advantage 
of the slip copy, but its practical application has never before 
been successfully accomplished. This feature is secured ex- 
clusively to MacmiUan's Copy-books under Goodman's patent. 

MACMILUiN'S PR06RBSSIVB FRENCH COURSB— By 

G. Eugenk-Fasnacht, Senior Master of Modem Languages^ 
Harpur Foundation Modem School, Bedford. 

I. — First Year, containing Easy Lessons on the R^ular Ac- 
cidence. Extra fcap. 8vo. I/. 

IL — ^SscoND Year, containing Conversational Lessons on 
Systematic Accidence and Elementary Syntax. With Philo- 
logical Illustrations and Etymological Vocabulary. \s, 6d, 

III. — Third Year, containing a Systematic Syntax, and 
Lessons in Comp>08ition. Extra fcap. 8vo. 2s, 6d, 

MACMIIiIiAN'8 PROGRESSIVE FRENCH READERS- 

By G. Eugene- Fasnacht. 

I. — First Year, containing Tables, Historical Extracts, 
Letters, Dialogues, Fables, Ballads, Nursery Songs, &c., 
with Two Vocabularies : (i) in the order of subjects ; (2) in 
alphabetical order. Extra fcap. 8vo. 2s» 6d, 

II. — Second Year, containing; Fiction in Prose and Verse, 
Historical and Descriptive Extracts, Essays, Letters, Dialogues, 
&c. Extra fcap. S^o, 2s, 6d. 

nACBnX2.AXr'B FBOORESSZVB OBBaiAir covrbb— By 
G. EuG^NB Fasnacht. 

Part L — First Year. Easy Lessons and Rnles on the Regular 
Accidence. Extra fcap. 8vo. u. 6d. 

Part II. — Second Year. Conversational Lessons in Sys- 
tematic Accidence and Elementary Syntax. With Philological 
Illustrations and Etymological Vocabulary. Extra fcap. 
8vo. 2s, 
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iHAXLTUX — THE POET'S HOUR: Poetry selected and 
arranged for Children. By Fkancbs Martin. Third 
Edition. i8mo. 2j. 6</. 

SPRING-IJME WITH THE POETS: Poetry selected by 
Frances Martin. Second Edition. i8mo. y, Sd. 

MASSON (GUSTAVE)— u4 COMPENDIOUS D/CT/ONARY 
OP THE FRENCH LANGUAGE (French-English and 
English-French). Adapted from the Dictionaries of Professor 
Alfred Elwall. Followed by a List of the Principal Di- 
verging Derivations, and preceded by Chronological and 
Historical Tables. By Gustave Masson, Assistant-Master 
and Librarian, Harrow School Fourth EditioiL Crown 8vo 
half-bound, fts, 

MOLIEBE-~Z£ MALADE IMAGINAIRE. Edited, with 
Intioductionand Notes, by Francis Tarver, M. A., Assistant- 
Master at Eton. Fcap. 8vo. 2J. dd. 

UORRZS— Works by the Rev. R. MORRIS, LL.D. 

HISTORICAL OUTLINES OF ENGUSH ACCIDENCE, 
comprising Chapters on the History and Development of the 
Language, and on Word-formation. New Edition. Extra 
fcap. 8vo. 6j. 

ELEMENTARY LESSONS IN HISTORICAL 
ENGLISH GRAMMAR^ containing Accidence and Word- 
formation. New Edition. i8mo. 2j. 6^. 

PRIMER OF ENGLISH GRAMMAR. i8mo. w. 

H\OOJm— HISTORY OF THE FRENCH LANGUAGE, 
with especial reference to the French element in English. By 
Henry Nicol, Member of the Philological Society. 

[In preparaiion, 

OUVnAKT—THE OLD AND MIDDLE ENGLISH A 
New Edition of ** THE SOURCES OF STANDARD 
ENGLISH" revised and greatly enlarged. By T, L. King- 
ton Oliphant. Extra fcap. 8vo. gf. 
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PALGRAVE— r^^ CHILDREN'S TREASURY OF 
LYRICAL POETR\. Selected and Arranged with Notes 
by Francis Turner Palgravs. i8mo. 2s. 6d, Also in 
Two parts. l8ma is, each. 

PIiUTARCH — Being a Selection from the Livss which Illustrate 
Shakespeare. North's Translation. Edited, with Intro- 
ductions, Notes, Index of Names, and Glossarial Index, by 
the Rev. W. W. Skeat, M.A. Crown 8vo. 6s, 

PYLODBT— iV£^ GUIDE TO GERMAN CONVERSA- 
TION: containing an Alphabetical List of nearly 8oo Familiar 
Words followed by Exercises, Vocabulary of Words in frequent 
use ; Familiar Phrases and Dialogues ; a Sketch of German 
Literature, Idiomatic Expressions, &c. By L. Pylodet. 
i8mo. cloth limp, zs, dd, 

A SYNOPSIS OF GERMAN GRAMMAR. From the 
above. i8mo. 6cL 

QUEEN'S COLIiEGE LONDON. ThE CALENDER, 1879-80; 
1880-81. Fcap. 8vo. Each u. 6d. 

READING BOOKS — Adapted to the English and Scotch Codes. 
Bound in Cloth. 

PRIMER. i8mo. (48 pp.) 2d. 

BOOK L for Standard L i8mo. (96 pp.) ^. 



»» 
II 
•I 
•I 



II. 


It 


II. 


i8mo. (144 pp.) 5^. 


in. 


»} 


IIL 


i8mo. (160 pp.) 6d. 


IV. 


11 


IV. 


i8mo. (176 pp.) %a. 


V. 


If 


V. 


i8mo. (380 pp.) II. 


VI. 


«» 


VI. 


Crown Svo. (430 pp.) 2s. 



Book VI. is fitted for higher Classes, and as an Introduction to 

English Literature. 

" They are far above any others that have appeared both in form and 
substance. . . . The editor of the present series has rightly seen that 
reading books must 'aim chiefly at giving to the pupils the power of 
accurate, and,^ if possible, apt and skilful expression ; at cultivating in 
them a good literary taste, and at arousing a desire of further reading. 
Tlus is done by taking care to select the extracts from true English classics, 
going up in Standard VI. course to Chaucer, Hooker, and Bacon, as well 
as Wordsworth, MaeauUty, and Froude. . . . This is quite on the right 
track, and indicates justly the ideal which we ought to set before us. — 

GUAKDIAN. 
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SHAKESPEABE— yi SHAKESPEARE MANUAL. By F. G. 
Flkay, M.A., late Head Master of Skipton Grammar School 
Second Edition. Extra fcap. 8vo. 4J. dd, 

AN ATTEMP7 TO DETERMINE THE CHRONO- 
LOGICAL ORDER OF SHAKESPEARE'S PLA YS, By 
the Rev. H. Painb Stokes, B.A. Extra fcap. Svo. 4^. 6^. 

THE TEMPEST, With Glossarial and Explanatory Notes. 
By the Rev. J. M. Jkphson. New Edkion. i8mo. \s, 

SONNENSCHEIN and MEIKIiEJOHN — 7/^^ ENGLISH 
METHOD OF TEACHING TO READ, By A. Son- 
NENSCHEIN and J. M. D. Meiklejohn, M.A. Fcap. 8vo. 

COMPRISING : 

THE NURSERY BOOK, containing all the Two-Letter 
Words in the Language. \d, (Also in Large Type on 
Sheets for School Walls. 5^.) 

THE FIRST COURSE, consisting of Short Vowels with 
Single Consonants. 6^. 

THE SECOND COURSE, with Combinations and Bridges, 
consisting of Short Vowels with Double Consonants, td. 

THE THIRD AND FOURTH COURSES, consisting of 
I^ng Vowels, and all the Double Vowels in the Language 

ed, 

** These are admirable books, because they are constructed oa a prin- 
dple, and that the simplest principle on which it is possible to learn to read 
English. ' — Spectator. 

TSArr-UOn— WORDS and places; or, Etymological Illus- 
trations of History, Ethnology, and Geography. By the Rev. 
Isaac" Taylor, M.A. Third and cheaper Edition, revised 
and compressed. With Maps. Globe 8vo. 6s, 

TAYLOR—^ PRIMER OF PIANOFORTE PLA YING. By 
Franklin Taylor. Edited by George Grove. i8mo. u. 

T^aBTmBTEU" HOUSEHOLD MANAGEMENT AND 

COOKERY, With an Appendix of Recipes used by the 

Teachers of the National School of Cookery. By W. B. 

Tegetmeier. Compiled at the request of the School Board 

for London. i8mo. is. 

•'Admirably adapted to the use for which it is designsd." — ^Athenaitm. 

*' A seasonable and thoroughly practical manual. ... It can be consulted 
readily and the information it contains is given in the Amplest language " 
— Pall M^li. Gazrttb. 
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vaonmojx-F/j^ST LESSONS in bo 0K-KEEP1NG. By 
J. Thornton. Crown 8vo. 2j. 6</. 

The object of this volume is to make the theory of Book-keeping suf- 
ficiently plain for even children to understand it. 

THRINO — ^Works by Edward Thring, M.A., Head Master of 
Uppingham. 

THE ELEMENTS OF GRAMMAR TAUGHT IN 
ENGLISH With Questions. Fourth Edition. i8mo. 2j. 

TRENCH (ARCHBISHOP)— Works by R. C. TRENCH, D.D., 
Archbishop of Dublin. 

HOUSEHOLD BOOK OF ENGLISH POETR K Selected 
and Arranged, with Notes. Third Edition. Extra fcap. 8vo. 
Ss.6d. 

ON THE STUDY OF WORDS. Seventeenth Edition, 
revised. Fcap. Svo. ^s. 

ENGLISH, PAST AND PRESENT. Eleventh Edition, 
revised and improved. Fcap. bvo, ^s, 

A SELECT GLOSSARY OF ENGLISH WORDS, used 
formerly in Senses Different fix>m their Present. Fifth 
Edition, revised and enlarged. Fcap. Svo. 5^* 

VAVaWULV {CJH.)- WORDS FROM THE POETS, By 
C. M. Vaughan. New Edition. i8mo. cloth, is. 

VICTORIA UNIVERSITY CALENDAR, with the Calendar 
of the Owens College, 1880-1881. Crown 8vo. 3J, 

VINCENT and 'DIO^SOS— HANDBOOK TO MODERN 
GREEK. By Edgar Vincent, Coldstream Guards, and 
T. G. Dickson, M.A. With Preface by Professor J. S. 
Blackie. Extra fcap. 8vo. 5j. 

"This is a grammar and conversation book in one, and avoids with gfeat 
success the tediousness too common in grammars and the silliness too 

common in conversation books It will not be Messrs. Vincent and 

Didcson's fault if their work does not contribute materially to the study 
of Greek by Englishmen as a living language.** — Pall Mall Gazbttb. 
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WARH-^TITE ENGLISH POETS. Selections, with Critical 

Introductions by various Writers and a General Introduction 

by Matthew Arnold. Edited by T. H. Ward, M.A. 4 

Vols. Vol. I. CHAUCER to DONNE.— Vol. II. BEN 

JONSON TO DRYDEN. — Vol. III. ADDISON to 

BLAKE. —Vol. IV. WORDSWORTH to SYDNEY 

DOBELL. Crown 8vo. Each Js. 6ei. 

** They fill a gap in English letters, and they should find a place in every 
school library. It is odds but they will delight the master and be the 
pastime of the boys. . . . Mr. Ward is a model Editor. . . . English 
poetry is epitomised ; and that so biilliantly and well as to make the book 
in which the feat is done one of the best publications of its epoch." — ^The 
Teacher. 

WHITNEY — Works by WiLLlAM D. Whitnky, Professor of 
Sanskrit and Instructor in Modem Languages in Yale Collie. 

A COMPENDIOUS GERMAN GRAMMAR. Crown 
8vo. 4J. (id. 

A GERMAN READER IN PROSE AND VERSE, with 
Notes and Vocabulary Crown 8vo. $s. 

WHITNEY AND EDGREN—.^ COMPENDIOUS GERMAN 
AND ENGLISH DICTIONARY, with Notation of Cor- 
respondences and Brief Etymologies By Professor W. D. 
Whitney, assisted by A. H. Edgren. Crown 8vo. 'js. 6d. 

THE GERMAN-ENGLISH PART, separately, 5j. 

WniGHT— THE SCHOOL COOKERY BOOK, CompUcd 
and Edited by C. E. Guthrie Wright, Hon. Sec. to the 
Edinburgh School of Cookery. i8mo. u. 

Sir T. D. AcLAND, Bart., says of this book :— **I think the 'School 
Cook ry Book * the best cheap manual which I have seen on the subject. 
I hope teachers will welcome it. But it seems to me likely to be even 
more useful for domestic purposes m all ranks short of those served by 
professed cooks. The receipts are numerous and precise, the explana- 
tion of principles clear. The chapters on the adaptation of food to 
varying circumsiances, age, climate, employment, health, and on infants' 
food, seem to me excellent." 

YONGE (CHARLOTTE 'Nl.)—THE ABRIDGED BOOK OF 
GOLDEN DEEDS. A Reading Book for Schools and 
general readers. By the Author of " The Heir of Red- 
clyffe." i8mo. cloth, u. 
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" These excelleot biographies should be made class-books for schools." — 

Westminster Review. 

%* Upwards of 175,000 of these volumes have been sold. 
JOHNSON. By Leslie Stephen. Crown 8vo. 2j. 6d, 

** The new series opens well with Mr. Leslie Stephen's sketch of Dr. Johnson. 
It could hardly have been done better, and it will convey to the readers K>r whom 
it is intended a justet estimate of Johnson than either or the two essays of Lord 
Macanlay " — Pall Mali. Ga/httu. 

SCOTT. By R. If IIUTTON. Crown 8vo. 2s, 6d, 

" We could not wish for 9 n^ore suggestive introduction to Scott and his poems 
and novels. " — Exam i n u r 

GIBBON. By J. C. MORISON. Crown 8vo, 2s. 6d. 

"As a clear, thoughtful, and attractive record of the life and works of the 
greatest amongr the world's historian^, u deserves the highest praise." — 

i£XAMINER. 

SHEItLBY. By J. A. SVMONDS. Crown 8vo. 2J. 6</. 

"The lovers of this great poet are to he congratulated at having at their com- 
mand so fresh, clear, aiid intelligent a presentment of the subject, written by a 
man of adequate and wide culture " — Athh.sjeum 

HUME. By Professor Huxley, F.R.S. Crown 8vo. 2s. 6d, 

** It may fairly be said that no one now living could have expounded Hume 
with more sympathy or with equal perspicuity.'*— Athenjkum. 

GOLDSMITH. By WiLLlAM BLACK. Crown 8vo. 2s. 6d, 

"Mr. Black brings a fine sympathy and taste to bear in his criticism of Gold- 
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DEFOE. By W. MiNTO. Crown 8vo. 2s, 6d, 
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all that it suggests. It will repay reading more than once."— ATHBNiBt;M. 

BURNS. By Principal Shairp. Crown 8vo. 2J. 6d, 

" It is impossible to desire fairer criticism than Principal Shairp's on Bums 
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or of genius than this voluiiie."— Spectator. 



MACMILLAN'S EDUCATIONAL CATALOGUE. 6i 



SPENSER. By the Very Rev. the Dean of St. Paul's. Crown 
Svo. 2j. 6d. 

** Dr. Church is mastei o£ his subject, and writer always with good caste." — 
Academy. 



THACKERAY. By Anthony Ikollope, Crown 8vo. 2j. dd. 

"Mr. Trollope's sketch {% excellently adapted to fulfil the purpose of the series 
in which it appears." — Athbnaum. 

BURKE. By John MoR LEY. Crown 8yo. zs, bd, 

"It is no disparagement to the literary studi«5 already published in tbis ad- 
mirable series, to say that none of them haw surpassed, while few have equalled, 
this volume on Burke."— -British Quakthjilv Review. 

MIIiTON. By Mark Pattison. Crown 8vo. 2s. 6d. 

" The writer knows the times and the man, and of both he 'has written with 
singular force and discrimination." — Spectator. 
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HAWTHORNE. By Henry James» Juur. Crown 8vo. 2s, 6d. 

"Probably no one living could have done 
Mr. James has done."— Saturday Review. 

SOUTHEY. By Professor Dow den Crciwn 8vo. 2J. 6d. 

** A truly scholarly and delightful rnonogrnph of a great writer, who has been 
of late yeaurs undeservedly neglected,"— Examiner. 

CHAUCER. By Professor A. W. Ward. Crown 8vo. 2J. dd, 

"An enjoyable and excellent little book is this of Professor Ward's. Faraway 
the best connected account of Chaucer and his works to be found in English."— 
Academy. 

BUNYAN. ByjAMES A. Froude. Crown 8vo. 2s. dd, 

"The life and character of Bunyan stand out in bold relief, and for the first 
time the author of the ' Pilgrim's Progress* is pourtrayed as he .really existed. 
—Westminster Review. 
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By Leslie Stephen. Crown 8vo. 2J. 6d. 



"The sketch of Pope's life which Mr. Leslie Stephen has written is interesting 
throughout ... A work which one can only lay dowrj with a wish to have a 
goodSeal more on the same subject from the same hand. "-Academy. 
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BYRON. By Professor NiCHOL. Crown 8vo. 2j. 6d, 

** Decidedly one of the most careful and valuable of the whole series. When 
a book is as good as Professor Nichol's, there is little to be said about it, except 
to recommend it as widely as may be.**— Athen^um. 

COWPER. By GoLDWiN SMITH. Crown 8vo. 2s, 6d, 

" Mr. Goldwin Smith has sketched in a few decisive toudies the genius of the 
poet and the weakness of the man." — ^Daily Nbws. 

IiOCKE. By Professor Fowler. Crown 8vo. 2s. 6d. 
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WORDSWORTH. By F. W. H. Myers. Crown 8vo. 2s. 6d, 

'* Mr Myers gives us a picture of the man and an estimate of his work, 
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